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PRKFACE. 


first  volume  of  this  work  which  appeared  in  the  year 
1880  formed  a  complute  and  independent  treatise  on  the 
physiological  chcniifitry  of  tho  elementary  tifisues  of  the 
animal  body,  includiug  under  this  designation  the  blood, 
the  lymph,  and  the  chyle. 

The  present  volume,  like  its  predecessor,  constitutes 
an  independent  and  complete  treatise ;  it  deals  with  the 
physioloj^tcal  chemistry  of  the  dig;estive  prooeBses,  which 
Iiave  bean  treated  on  the  same  linea  as  were  followed  in 
Vol  I.  My  aims  and  endeavours  are  clearly  set  forth  in 
the  followiu};;  sentences  which  appeared  in  the  preface  to 
that  volume : 

•It  ban  been  a  constant  object  with  me  to  give  the 
reader  a  very  full  and,  so  fiir  as  possible,  independent 
account  of  the  state  of  knowledge  on  the  subjects  <UHCiis8ed, 
and  I  trust  I  may  with  complete  trtitlifulnewi  say  tliat  this 
work  is  Iiased  upon  a  study  of  original  memoirs,  rather 
than  upon  a  study  of  text-books.  In  the  interest  of  the 
.student,  nearly  all  papers  are  quoted  by  their  full  titles 
and  few  hare  been  quoted  which  have  not  been  thoroughly 
read  and  studied.  Whenever  quotations  have  been  made 
at  second  liand  the  fact  has  been  stated.' 
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'Another  feature  which  I  have  desired  to  render  pro- 
minent in  this  work  ie  the  description  of  the  methods 
which  have  been  followed  in  important  and,  to  boiTow  a 
convenient  Gennanisni,  '  epoch  -  making '  researches.  It 
seemed  the  naore  important  to  do  tliis  as  1  desired  to  write 
in  the  interest  of  the  tnily  acientihc  student,  ansioufl  not 
merely  to  leam  what  has  been  already  acquired  to  science, 
but  wishful  himself  to  extend  her  boundaries.' 

'  I  have,  as  far  as  possible,  tried  all  the  experimental 
processes  mentioned  in  this  book,  and  throughout  it  I  have 
incorporated  the  results  of  my  own  independeut  researches 
which,  in  many  cases,  have  not  yet  been  published  else- 
where.' 

The  publication  of  several  excellent  Manuals,  such  as 
those  of  Hammarsten  and  of  Haliburton,  which  deal,  in  a 
comprehensive  but  necessarily  succinct  manner,  with  the 
whole  field  of  Physiological  Chemistry,  have  adequately 
met  the  wants  of  a  large  class  of  students  whilst,  I  venture 
to  think,  they  have  left  the  field  open  for  a  work  which 
shall  be  based  on  an  original  study  of  the  whole  literature 
of  the  subjects  ti^eated  of,  and  which  shall  he  an  accurate 
guide  to  the  advanced  student  and  the  original  worker, 
both  in  the  study  and  the  laboratory. 

As  in  the  first  volume,  though  in  a  more  detailed 
mannei',  1  have  written  not  merely  as  a  scientific  chemist, 
but  from  the  stand-point  of  the  physiologist,  and  I  have 
treated  with  especial  care  all  subjects  which  are  of  interest 
to  the  pathologist,  the  pharmacologist,  and  the  scientific 
physician. 

In  illustration,  I  may  cite  the  chaptera  in  which  I 
discuss  the  pathology  of  jaundice,  the  pharmacology  of 
icterogenic  poisonoxis  agents  and  of  cliolagogues,  the  struc- 
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ture  and  foiinatiou  of  gall-stones,  the  investigation  of  the 
gastric  contents,  &c. 

If  circumstances  permit  me,  it  is  my  wish  after  the 
publication  of  a  second  edition  of  VoL  I.,  to  complete,  by 
an  equally  thorough  study  of  other  great  animal  functions, 
my  survey  of  the  Physiological  Chemistry  of  the  Animal 
Body.  Whether  that  wish  be  acc^niplialied  or  not,  I  trust 
that  the  present  volume  may.  like  its  predecessor,  further 
the  advancement  of,  and  prove  not  altogether  unworthy  of 
the  present  position  of,  physiology  in  England. 

I  have  to  acknowledge  my  deep  indebtedness  to  Pro- 
{!»Kor  Hugo  Kmnecker  who  has  placed  at  the  disposal  of 
his  old  friend  the  whole  resources  of  the  Physiological 
Institute  of  the  T/niveraity  of  Berne,  besides  helping  me 
by  his  profound  acquaintance  with  the  literature  of  physi- 
ology-. I  am  also  indebted  to  Professor  Drechsel,  who  is 
as  distinguished  for  his  discoveries  throughout  the  whole 
i-ange  of  Physiological  Chemistry  as  for  his  encyclopajdic 
knowledge  of  Ita  literature  and  who  has  aided  me  by 
moat  valuable  suggestions  and  by  the  loan  of  papers  and 
books.  I  would  acknowledge  my  obligations  to  Mr 
F.  J.  H.  Jenkinson,  M.A.,  Fellow  of  Trinity  College  and 
Librarian  of  the  University  of  Cambridge,  for  enabling 
me,  during  a  residence  in  Cambridge,  to  make  full  use  of 
the  splendid  libraty  under  his  du-ectioii ;  to  Professor 
BlAsch,  Librarian  of  the  tine  Starlt  BibHothek  of  Geme, 
and  to  the  Authoi-ities  of  the  Univeittity  Library  of  Benie 
for  allowing  me  the  freest  use  of  the  books  under  their 
cliarge. 

Finally.  I  would  appeal  to  my  fellow-workei"s  to  aid  me 
by  communicating  to  me  any  errors  in  this  book  which  have 
nettlter  beon  noticed  amongst  the  corrigemln  nor  corrected 
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in  the  Appendix,  and  especially  to  forward  to  me  copies  of 
original  papers  bearing  on  the  subject-matter  of  the  present 
volume  and  especially  of  VoL  I.,  which  is  now  occupying 
my  attention. 

ARTHUR  GAMGEE. 


Phtsiolooical  Ihbtitdtk, 
unrprbsity  op  bsbne, 
October,  1893. 
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368,  thirteen  lines  from  top,  for  <  LorB(di '  read  '  Lossen.' 
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864,  in  aereral  places,  for  'Stidelmann'  read  '  Stadelmann.' 

471  reference  omitted  to  paper  bj  Michael  Foster  'On  the  existence  of 
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Society,  Vol  14  (1865),  p.  648. 
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JUICES  GENERALLY. 

SALIVA   AND   ITS   ACTION   UPON   FOOD. 
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ISTTBODUCTOEV    OBSBEVATIONS. 

DlOEsnox  is  the  process  whereby  the  const  it  neiita  of  the  f'oud  arc 

I  rendered    soluble  ana    converted   into  bodio-s  which  nro  capable  of 

[ftbaonitioii.     These  cowttitueots  are  in   purt  miuoml,  and  of  tliL-sc; 

'the  chief  undergo  uo  important  chemical  change  prior  tu  absorption. 

The  larger  part  mnHiHtn.  however,  of  cf^mplex  carbon  compounds, 

which  are  for  tbe  most  part  insoluble  iu  water  when  ingested,  and 

which,  afler  suitable  mechanical  processes  of  division  and  trituration, 

are  (iubjecteit  to  the  action  of  certain  digestive  juices  which  dissolve 

tbem  and  render  them  diffusible. 

The  juices  above  referred  to  arc  produced  io,  or 
by  the  agency  of,  the  cpitheliuii)  cells  lining  the 
interior  of  the  glands  wliich  arc  citbor  utuatcd  in  the 
walU  of  the  alimentary  caual  or  which  empty  their 
secretion  into  it.  Although  these  cells  deri%'e  the  ma- 
terials Qeceiwary  fur  their  metabolic  activity  fmm  the  blood,  the 
ibstances  which  they  elaborate,  and  which  are  characteristic  of 
secretioQ  which  they  help  to  form,  are  not  found  in  the 
Mood,  but  are  the  products  of  the  activity  of  the  protoplasm  of  the 
cells  themacdvcs. 

iHijmi  or  The  characteristic  constituents  of  the  several  Juices 

fRmMU«r  which  are  Hftecially  concerned  in  the  chomicnl  changes 
the aUmntair  Qf  the  alimentary  canal  are  certain  so>callud  '  unor- 
****'^"  ganisi'd'  fermentH,  which  we  shall,  following  the  fiiijj- 

gostiou  of  KUhiie,  dcnominato  Enzptten.  These  are  c-apnble,  like 
other  fennents,  of  initiating,  undiT  suitable  circumBtam-es.  specific 
cbuigeB  in  certain  bodies  with  which  they  are  brought  into  contact, 
■changes  which  may  be  iucommensuiubly  great  when  contrasted  with 
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the  iDagnitiide  of  tlie  maiM  of  the  fertneot  vugag^  These  specific 
actions  of  ferments  lead  to  the  breakiug  down  of  complex  into 
simpler  molcculen.  the  decom position  heing  nerew*ari!y  associa-twl 
witU  the  coQversiou  of  some  potential  into  kinetic  energy,  which 
ueuaUv  appeara  s»  licat. 

^  Int/fffaitiited.'  or  as  they  hov«  also  been  called,  'unformti' 
fenneuta  differ,  however,  from  the  '  ortjamsed^  or 'formed'  fcmients 
in  that,  whilst  thoy  arc  the  proilucts  of  the  activity  of  living  proto- 
plaHin,  they  cea-se,  alti-r  heiug  formed,  to  have  any  ueccsjiary  cuiiuec- 
tion  with  organised  forme,  and  have  no  power  of  reproduction  or 
incrpase. 

Certain  en7ymes  exert  their  action  iininipaired  in  the  presence  of 
certain  hodies  which  act  as  TOisuns  to  and  kill  the  great  majority  of 
organised  fortnenti! ;  thus  salicylic  acid  nnd  thytnol,  in  not  iao  great 
quantity,  do  not  hinder  peptic  and  tn'ptic  digeiition,  but  prevent  the 
putrefactive  changes  winch  are  very  apt  to  occur  in  the  latter  case, 
and  whicli  dupt-nd  upon  the  duvolopnicnt  of  organised  fermnita. 
Certain  tfozytnt's,  bowever,  as  the  diasiaae  of  malt,  or  as  the  diasCatic 
eniiynies  of  i<alivn  and  pancreatic  Juice,  are  destroyed  by  salicylic 
acid. 


Quuisia  in 
MOTCUnC  ocu* 
corncpondliif 
to  T&rUttoiU 
In  ttia  funo' 
UoiuJ  ftoUntr 

Ot  OS  VIM. 


As  will  he  shewn  in  detail  in  the  sequel,  the  secret- 
ing cfclln  of  glands  which  produce  enzjTues  exhibit 
marked  differeDccs  or  variations  which  correspond  to 
difl'ei-ent  states  of  activity.  In  tht;  caae  of  the  socrtting 
cells  of  the  pancreas,  a*  was  discovered  by  Heiden- 
h»in,  the  ci;ll»  appeur  to  produce  and  titorc  up  for  a 
time  a  body,  a  *i)-cal!eci  '  zifinuyeti,'  fiitni  which  an  eD»me  called 
■  trijimti '  is  set  free ;  similarly,  as  the  researches  of  JSbetein  and 
Odltzner,  Langley  and  others  have  Hhewn,  the  secreting  cells  of 
the  gastric  glands  produce  in  the  first  instance  an  antecedent 
of  pepsin  which  we  may  term  ' peashofjvn'  There  U  further 
reason  to  believe  that  the  remu-t-femient  has  a  corresponding 
zymogen.  Tho  progress  of  research  will  probably  reveal  the  ex* 
isteoce  of  tymoyens  in  relation  to  otber  auimnl  enzymes.  " 

Usually  the  glnndulax  organs  whicli  produce  the 
digcHtivc  juices  contain  stored  up  witliin  tlietii  during 
the  periods  in  which  tliey  are  actively  secreting  their 
characteristic  enzyme-s  or  their  zymogens;  these  may 
be  esitiTurlcd  by  digesting  the  comminuted  organ  in 
water,  weak  spirit,  cliloroform-water  or  still  better  in 
glycerin,  which  dissolves  llicni  nearly  all.  and  furnishes 
aolutious  which  preserve  tlieir  activity  long  unimpaired'. 


Enxytaa*  or 
tlwlr    ij-juo- 
KflDi'  nmuOly 
pntMit  UttM 
HcnUnx 
■tructtm* 
wiuob  loim 
tbam  ftDd  mmy 
t)e«xtnu3twl 
ttunfirom. 


'  In  r*f«r«DCc  to  Uio  nolubiUtv  of  vatyBnat  and  i.t-mogciu  ia  gljcwiti,  Mr  tjutgjitj 
haa  (uiniit)i«d  ia«  viUt  Iho  foUcKing  note  :— ■  I  do  not  think  it  prOT«d  thftt  btnncnu  or 
HiMgeaa  aro  tolubla  in  fvrr  ilronji  (•lyeorin.  I(  thoy  aro  aoldlild  it  i*  exWmtij 
uowl;.  It  iho  orooptingUM  of  n  pie  br  ilrinl  iwd  put  la  purt  el>-e«riii,  in  a  wall- 
«topp«t«d  bottle,  it  doM  not  gin  otM-slttiBtli  of  iti  f^n&mit  {couoting  tgnofem  u 
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Enzj'tnee  are  alJ  insoluble  ia  strong  alcohol,  eo  that  the  tiseuea 
from  which  they  are  to  be  extracted,  having  by  mechanical  means 
bwn  reduced  to  as  fine  a  slate  of  division  as  possible,  may  be  first  de- 
hydrated by  placing  them  in  absolute  nlconol,  and  afterwards  ex* 
tractod  with  glycerin  or  other  suitrtblc  solvent.  The  treatment  with 
alcohol  has  for  its  object  the  n;udering  iuHoluble  of  pruteids  which 
would  otherwise  diseolve  in  the  litjutd  employed  for  the  extraction  of 
the  ferment  und  thua  funiitth  a  I(-s»  pure  salution. 

Solutions  of  enzymes  are,  for  the  most  part,  rendered  instantane- 
ously inactive  by  boiling;  exposure  to  a  temperature  of  70'  C.  also 
destroys  their  aetivity,  tliough  tetis  rrtpidly,  and  prolonged  heating  at 
lower  temperatures  exerts  the  same  effect,  though  the  lower  limit, 
which  donbtlefiH  varies  in  the  case  of  the  different  enzymes,  has  not 
yet  been  aHcertaiued. 

It  has  already  been  stated  that  under  the  influence 
of  enzymes,    the   complex   organic  bodies    which   arc 
»■-.„■—  susceptible    to    tbeir  action  are  decomposed,  complex 

""'™**"  breaJciug  up  into  simpler  molecules.    These  fenuout* 

appear  to  possess  tb«  power  of  rapidly  inducing,  at  the  temperature 
of  the  animal  body,  chemical  change!^  in  bodies  itubjected  to  them 
which  are  similar  in  character  to  those  which  are  brought  about  with 
great  slowness  by  pnihmgeii  heating  with  dilute  mineral  acid)),  nr  by 
tbe  prolonged  action  of  boiling  water  or  of  superheated  st«am. 
These  operations  are  of  ihe  nature  of  '  hydrulytic '  decompowiuona, 
that  is  to  say,  such  OS  arc  connected  with  the  union  of  the  elements 
of  water  with  the  body  undergoing  decomposition  (see  Vol  i.  p.  19). 

A  ooiniilete  treatment  of  tbe  theory  of  ferment  action,  or  rather  an 
aceonnt  of  the  view*  which  have  been  held  at  viirious  times  in  regard  to 
the  notion  of  fenuonts,  thuugli  of  cront  interest  to  tlw  Htiitleiit  of  xcientttio 
history,  would  reijiiire  too  letnguy  »  Uiscuasioa.  The  aubject  ia  one, 
bowerer,  which  caitnot  l>e  iiiu.<>«<l  ornr  without  some  rnmnrks. 

The  loodem  Hcientilic  hixcory  of  fonnenta  snd  theii'  iictionM  oommencea 
with  the  reeearchea  of  Pajen  and  Perwdt'  on  Diu«t4kiit:,  and  those  of 
Ca|;niard*[Atoiir*,  »nd  aftervranls  of  Theodor  Schwann')  on  Alcoholic 
Permentation. 

Three  principal  hypotheses  have  been  iii>>|>ouiidc!<d  to  account  for 
liemient  action: — of  theac  the  two  first  ai'e  still  a{j|ieak-d  to,  to  explain 

liniMDt)  tttn  a  WMk.  When  m  tisrao  hu  b«m  RTonod  it  is  imposrible  to  onpttrUe  the 
mrttelM  tram  the  gli-cenu,  and  tbe  (Mrtlole*  of  tbe  panorMa  pwn  rvftdil;  throajtb  the 
Inoal  fUtn  jMper.  In  must  caa««  the  )flvc«nn  I'litncl  hu  b«wa  simpl;  «nWnQd 
tbroiifli  UiMn  1  umctlniM  it  ban  b««ii  lUtcrdd,  kut  Uieo  it  u  tloubtrul  wbcihei:  «ulBci«al 
MM  hM  beta  UJi«ii  lo  prcvwit  tlw  dUutioa  of  tbe  (iljoerini  in  dilut«  ^ilj'Mriii  it  i» 
prabtbl;  th«  wata  {at  dilute  aalt  aolution)  which  ia  tha  Mlmal.' 

<  Pajen  et  Pcnoa,  •  Uimolie  nr  Is  Inwtaac,'  Jmutltt  dt  VktmU  tt  dt  Phfftiqtu, 
VOL  fiS  (ittast.  p.  73. 

■  Ca«iitanl'La(oar,  'Utmoire  tur  la  F«meiiUtioa  Vit»)ua»,  pr^MDti  i  I'Acadtotia 
U  18  Juia,  1687.'  Aiuiatn  df  Vhimir  ft  dt  thyti^ur.  Timie  tiH  |lflJW«),  pp.  iOO— 231. 

'  Schwann, '  Vorliulii^-i:  MittLciliitii;  bt-ltvltend  Vennelu:  libur  (ti«  WeiaKihrong  and 
itibiaa,'  i'oKgcndoril  *  Ann^ikti,  \\-\.  41  (1WIT|,  pp.  ltM-1118.  lUftc  alto  Id  hia 
'*  MiertMMpie  lUwarcbta,  Jie.'  .S'yilvnJuim  H-tcicty,  1M7.  f.  IBD. 
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the  actiouH  of  itofurmed,  wliilKt  tbe  Uiird  Iiw)  excliuirely  referenoe  lo 

formed  fermerita. 

1.  Xh«  contact  ur  ''Cntalytic '  tlieorv  of  EtwrzvliiiH. 

2.  ni«  mo<liScalion  of  tli«  catalytic  theory  fomiukted  by  Uebig. 

3.  Tbe  physiological  theory,  vhicli  now  holds  undifidixl  sway  and 
whicli  owM  iu  <x>uimandi])g  poHilioii  to  the  xpletidid  i-Miearchea  of  Pasteur. 
Thia  theory  considers  evoty  f«rment  process  to  bo  the  resultant  of  thr 
activities  of  a  definite  organism. 

thMirv  of  Thtre  arc  ccrtaiii  uhemical  reactions  whivh  occur  belweeu 

■  CAtalnia '  o(     '"^    bodies,    iu   whicli   tliu   prei>eiic!«   of  a  thinl   i?x?rtfi  k 
BarwiiuB.  i-oiuarlcable  itiflueiico,  without  the  third  body  appeahoff  o& 

BuperGcitd  cxtimi nation  to  be  modified  by  the  jirocess  wliicii 
it  \ut»  hvlpod  to  bring  about.  Wh«ii,  for  instniice,  uiixtun-s  of  bydrogeb 
and  oxygen  tind  theiiiaelvDR  in  the  preseuc«  of  tinely  divided  platinum,  Cbp 
tiro  gaaea  corubiur,  uiidor  ocrtaiu  circiimtttoiicm,  with  exploaiTe  vioWncc. 
Again,  whou  platiaum  bUok  is  brought  into  contact  wiUi  tbe  ritpoiir  of 
alcohol,  tha  latter  is  oxidised  and  acetic  acid  is  formed.  To  cito  a  third 
case,  when  [Mimxidc  of  hydrognii,  H,0^  ia  treated  with  platinum  blitclt. 
that  very  uimtablo  coupouud  breaks  up  into  WHtor  and  oxygen,  it  Wing 
obvioiu  that  in  tluH  case  two  mole(ni1^ii,  at  leiut,  of  ch«  pi»<(xitl«  must  be 
coDcemed,  ita  reaulta  being  the  formation  of  two  moleculea  of  crater  and  a 
molecule  of  oxygw n.  A«  was  dl«C0Ter«d  long  ago,  not  only  in  this  remark- 
aiblo  reaction  brought  about  by  pktiiiiiin  and  ci>rtaiii  other  inorganie 
bodies,  but  also  by  certain  organic  nubatances.  A  sJircd  of  fibrin,  for 
iiutance,  or  n  drop  of  blood,  or  of  »  sobition  uf  hifinoglobin  will  saftioe 
to  dmom  giase  »  large  quantity  of  a  solution  of  hydrogoa  peroxide,  whidi  ia 
Ihrovm  into  efferveaceiice  und  riHeo  in  toniperaturc. 

Ber7.e!iui8  wiui  tbe  fimt  to  bring  tngi^llier,  and  draw  attention  to,  theae 
n^niarkable  iJii'noiiifua,  which  hit  diHtiiigiiiKhed  an  'catalytic'  and  ex- 
plained 08  due  to  the  action  of  a  hitherto  unrocognisCid  force,  to  which  he 
luscribf^I  the  t«rni  'cHtalytic  fnrce'.' 

*  It  ia  tbOD  prtn'iKl,'  ho  ri'tiiHrli<Ml,  '  that  Reveral  limple  and  cornpODnd. 
soluble  and  insoluble,  l>odio»,  arc  eapublo  of  yxcrting  ujion  certain  otiier 
bodies  an  action  which  is  very  iliSercnt  from  that  of  chemical  affinity. 
By  tbia  agency  they  are  tbe  means  of  producing  in  thoae  bodira  decompoM* 
tJon  of  tli(tir  ulemenUt,  and  aubflef^m-nt  rearrangeincuts  of  the  same  wiibout 
th^'y  thciiiEclvcs  tJi.kinK  ■>  pnrt  in  them. 

'Thia  new  Ibrce,  which  has  hitherto  been  imreoogniaed,  is  common  to 
organic  and  inorganic  nature.  I  ahall,  therefore,  call  this  force  eatiUyHe 
farvt,  I  idinll,  Biniilorly,  call  catalj/eis  the  dccom position  of  boditai  thron|jli 
the  agency  of  this  force. ' 

Amongst  tbe  moat  ohvioua  examples  of  catalytic  phenotnena,  Bei-zelius 
cLancd  the  actions  of  fvriuonta,  both  furuicd  and  unfonned.  In  oritictiing 
the  theory  of  BcrztHus  we  must  uppm^iatc  th»t  its  euvnoe  conaitMd  iti 
the  hypothesiH  that  the  catalysing  agent  remained  abtiohiteily  panire, 
wbiltit   no   nttcmpt  wna  uimic  to  nliow  Jq  wliat  munuer  thia  nniarlcable 


<  BerzeUns.  *  Qvfllaoee  ]dte»  mr  one  Boarelle  force  sgiMant  dana  let  oambinaJaon* 
4m  Coc^)*  orKauiiuea.     (^aaa^*  de  Chimie  tt  ttt  Phijtiqnt,  Tome  41  (1$S6), : 
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licbig's  views  of  'catalysis.' 


coDtkct  iiction  of  the  oataljsing  body  operated.  la  the  case  of  the  moat, 
strikiog  oatalytjo  actious  to  wUidi  BvrMliiu  drew  uttcntiou,  tliv  progroM 
of  mettrch  has  utterly  dteiirovctl  Uio  jwiuivt;  part  of  tJic  mtolyung  agent. 
The  ooclnsJoii  of  guses  hy  iimtald,  fur  iuatanoe,  is  a  process  m  which  uti- 
stabla  molocuW  com|>otmdtj  aie  formed,  and  it  plftys,  no  doubt,  a  most 
impottaut  part  lu  the  cawa  wli^t-e  fiueiy  divided  owtals  briug  ulxuul  tlio 
coiubiuMtiou  of  gasts*.  In  iIimh'  uuira  L-anily  dimociated  ouinpounds  are 
doabtloM  formed,  and  both  the  heat  generated  at  the  tune  of  oombioation 
aiu)  Uw  ease  with  which  tlie  newly-foniied  cunipoumi  oplits  up  'u-itli 
variations  in  teinpenlutv  funiisli  the  cuuditiouji  which  art;  necauiary  for 
th«  ao-«aU«d  catalytic  prooessw, 

Thore  are  obvioualy  a  variety  of  typea  of  8o-«alled  catalytifi  prooemen. 
Eneatially  they  am  all  prooeuaa  \a  whiuh  are  concwniMl,  M  th«  principal 
fseton^  bodiiw  of  which  the  ooDStiliient  stoins  s.nd  moleciilea  are  in  a  state 
of  virtually  unstat>le  equilibrium.  An  appamtily  iiwgiiilicaiit  ruriaLion 
in  the  coiiditioDS  under  which  they  exi«t  tK  Hufliotent  to  lead  U>  a  rearrange- 
maat  of  tlie  nokculea  of  which  Lliey  are  coiuposwl  and  to  chemical  trans- 
formatioas  of  the  moat  striking  characteiBi  olten  aaaociated  with  traosfor- 
inattoiiH  of  energy  whicli  are  even  more  ntartling.  To  ooiiclude,  however, 
titat  lliv  catulytic  agent,  which  has  furDislind  t)i«  otiergy  which  has  na  it 
were  oxplodcd  the  tuine,  remains  actually  |>a«iiTe,  is  to  onjbrsce  a  hypo- 
tbeaia  which  ia  opponed  to  all  analog. 

The  ccMiception  of  a  catalytic  lutoc.  atwoIuLoly  indefinite  in  natuirt,  and 
di^layod  by  a  body  wh<i»c  function  i«  active  but  who»o  transformatiun» 
are  none,  ia,  aa  saggeiit«d  by  HilfiK^r',  neavly  akin  to  the  adoption  of  tlie 
ooDceptioii  of  a  rital  force  to  ««xplaiu  olwcuro  phoLotueoa  beyond  tli* 
t^owh  of  actual  knowledge.  Xbv  dcictrinc  of  cntaly&ia  embodied,  however, 
oonceplioikB  whtdi  are  oj»|*oapd  to  grvat  and  immutable  prinaiplen.  The 
true  and,  as  it  appears  to  the  aiiilior,  Lhn  mtUly  philoiiop)iic*l  conception  of 
the  proce«0M  of  oat*ly«U  was  admirably  set  forth  by  the  great  J.  It.  Mayer. 

'We  call  a  force  catalytic,'  aaya  the  philoBO|ihcr  of  llcilbron,  'when 
it  boldi  no  coniini^iMurahle  proportion  to  thd  aaiiunied  resulta  of  iCit  action. 

An  avalaaehe  in  hurlod  into  the  valley a  puff  of  wind  or  the  fluttering 

of  a  bird's  wings  ia  tlie  catalytic  forcti  which  luta  given  the  aignal  for, 
aad  which  ia  llie  cunse  of,  the  widenprEiail  dieuBter'.' 

Tho  theory  of  cntatyiiia  of  Bitmeliux  poiuieHiBpd  the  sole  merit  of  calling 
atteotion  to  a  previoualy  iiniitudivd  group  of  phenomena,  which  howcrur 
it  attempted  to  exj)Iniii  in  n  manner  which  did  not  tend  to  throw  any 
light  utKin  thflin.  ' 

Ltebig'  modified  the  Bencelinn  theory,  espedally  in 
referenoo  to  the  ferments,  by  auppoatng  that  a  fcrme^nt  ia 
iiivitriably  u  Ixnly  tn  a  state  aimlogoua  to,  if  not  idputiunl 
with,  dL*com]Huition,  and  that  in  virtue  of  tliu  chaogea  which 
it  is  itself  undergoing  it  is  able  lo  bring  about  changes 


uiura  ■»- 
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I  Hftbar.  'Zur  Lohre  ron  den  fcatalytinbwi  Wirbungeti.    Enrto  Abtbwluni^  I. 
Ueber  die fawihicbtlloba  Entwhtkelunit  doi  BagriJls.'    Jaurmil /.  piaki.  CArmi?,  Vol.  10. 
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Harer,  HwhaHik  der  rTAmie.  1S67,  |i.$l,  qnotcd  by  UUan. 
bam  bcm  Diaal>)«  to  v«rify  thi«  lebteuoe. 

■  Lictiij,  J.  y.    'IlMhtfArtwing  (l«r  CoQUtet-Tbeoria-'    AmalfH.  Vol.  86,  <1M0],  jip. 
ISI— 171.    lb. '  Ueber  die  Gihniag  und  die  QudUe  der  MusVeLkrsfl.' 
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in  the  bodim  «ul>j«ot«U  to  it«  action.  According  to  him^  th«n,  the 
unJergoitig  fermentation  in,  in  n  nt-nst;,  inilurtirclv  iKteil  ujmq  hj  thu 
ferment,  Imt  thv  influence  of  the  latter  is  il  I'ortuitous  oue.  Liubig  b«li«*«^ 
tli«  f»-meiita  to  be  e«««utjally  ftlbaminouB  Ixxlies,  which  it«({iiire  tbeir  Um 
locDt  m-tivitics  iu  virtue  of  their  prontr-uciw  to  det-oiiipowtiou,  which  W 
go  great  a  ohKruoteristic  of  th«w«  h<xl)t«  in  thi^  ureiH.-nov  of  nioisturv  Mid 
ft  suitable  tcmperotare.  By  thva  hypoth«Ms,  Liebic  sought  to  ex]>Uiii  the 
ftCtion  of  tKo  fornit:^,  a»  vrcil  an  of  tlie  unformed  fermetitti,  belieriug  thst 
the  procestww  of  life  wliiuli  nrt*  ohnracWriMtic  of  tli«  fonnt- r  1^1  to  lh»  jno- 
duction  of  the  verj'  unstable  sulMtttUcea,  vhouo  l\irtlii>r  |)utrefHctiv^  deMm- 
[lositiou  h«  LeUl  to  conatituttt  llio  first  atagie  of  any  process  of  fermeotadoii. 

Tliere  vriu,  it  will  be  rem»rke(!,  n  Iwlief  in  th«  nccidental,  the  for 
liiitouB,  nature  of  fermt-nt  ilcUoiih  wljidi  IiiMiitfwL  this  tliuory  of  Liobig^'K. 
It  (larboolE  of  the  ojiirit  which  perrndL-J  thouries  of  generation  Wfore  the 
i&y»  of  Redi  und  S|iflllitn/iini.  In  a  ttcnsn  tine  view  of  Liebig  H|ijH^ftrH 
even  mor^  irrationu.!  tiiun  thnt  of  Kerwiiiiit,  for  it  ussuiii»)(  a.  fortuilou 
behaviour  on  the  part  of  bodies  whoec  constancy  of  behaviour  owl 
given  oonditioHH  h  a  leading  chaiacteriatic.  Though  adYiuioed  by 
whoKO  oxtraonliiiHry  Nei^io-x  in  tlm  development  of  niod«m  diemii 
cannot  bo  gainsaid,  thf  theory  of  Li«l>lg  wwt  in  0[)poii>Ltion  to  a  gr 
nunilwr  of  tuctn  already  aHceri&incd  at  the  time  when  it  was  ]ironiulgiit 
and  th(!  ifrroneuiiK  statemenls  ii[iou  which  it  was  based  tended  more  i 
thtiu  to  further  the  prognw  of  flcienoe. 

Whilst  the  splendid  i*c»carclics  of  Pasteur'  at  once  shewed  tow 
rfjimved  are  processes  of  fermentatioQ  from  the  category  of  fortiiitOUi 
event*,  and  that  <tvory  tnie  ferment  action  which  Jo  in  any  way  connected 
with  tlie  changes  of  a  Uviug  orgauiRm  is  to  bo  looked  upon  an  the  reaultant 
of  tb«  irht^uiii-al  activities  of  that  orgauiam  others  were  proving  th« 
grouiKllcRsnofi)!  of  otlier  of  Liebig's  arguinunliJ.  In  n  masterly  memoir* 
DuRiaa,  inter  re/in,  dealt  with  the  phynirad  theory  which  lay  nt  the  very 
foundation  of  Liebig's  theory,  tu  wit,  the  jng^bility  of  tmnmnilting  the 
MtAte  of  o^^tivity  engetiderer)  by  specific  feniients  llirnngh  lunliu  which 
«ro  not  porpftdtd  by  thum.  Kcsearch  soon  followed  rcectkrcb,  which  shewed 
that  whilst  it  ih  difficult  to  free  the  unformed  ferments  from  the  proteid 
bodies  which  cnniitiiuU!  the  ground  amttei-  of  the  celt  protoplaitra  in  whidi 
tiivy  urc  l'ormu<li  tlicro  arc  but  »lciider  grounds  for  coming  to  the  cott- 
elusion  thiiL  a  frrmcnt  ia  caaentialEy  u  iiroteid,  much  leira  a  proteid  UiM 
Ktate  of  decom]MJsition.  f 

Hnvt  then  the  Tiiore  accurate  and  correct  views  of  otttlytio  pbcnomttul 
to  which  the  pru^n-an  of  sciutice  hua  iutroduced  us  onablod  us  to  forn 
any  conception  as  w  the  way  in  which  an  unformed  ferment  may  «] 
its  action!  To  thi»  j^ueation  ue  may  reply  that  amongst  the  phenomi 
which  uswl  formerly  to  l»f  (;x|)laine<l  on  thr  mtsri;  hypothesis  of  'cataly 
there  are  some  wtiiih  nrv  stitjgt^wtjve  uf  thu  kind  of  interchanges  wl; 
probably  go  on  between  the  above  ferments  aad  the  bodies  of  wliioh 
effect  the  deoouipositiou. 


■  Pa«lear.    Tbe  ■%lii>leni  vrill  QaA  it  most  oosnolent  to  read  the  in 
verr  nnmeroua  reaearcltM  m  Uiia  il^pnrtment  of  kneiriedse  of  this  gnmt  « 
in  iuB  worV  entitUd  -  Stain  mr  la  llitrt.'    Paris,  Oanthiei'Villaoi,  1AT6. 

'  l>cuiiu«.  *  ll«cliciab«ti  Bur  In  fin'uieutatiuQ  aloooUque.*    Cimpict  Utadiu  dti  t6a» 
de  VAcadimt  dti  Siitnec;  X.  73,  IHTJ,  |).  ^^6. 
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It  ftppcAn  almost  cortaiu  thut  amongst  cutulrtic  plicaotuonu,  cuploriag 
tlie  term  in  the  Hcnac  in  whicb  J.  R.  Mayer  employed  it.  fcrracut  phcno- 
tnena  resemble  tho(u>  in  triiioh  there  is  ap|)urf>iiUy  a  periodic  syntbeais  8ad 
dianociution  of  Uie  cntvlyung  agent,  wliicli  nets  in  n  situibir  iiimini;r  to  tlte 
agoQt  vhiclt  rxplodm  n  tmin  of  gtinpowdor.  Ainongift  chemicxj  pbonotoonK 
in  whioh  one  body  acts  apparently  aa  a  go-bettreeo,  anil  leadii  to  an  dmoit 
indefinite  eerie*  of  exclian^a  of  luattei'  and  onergr,  two  at  once  miggect 
ibrniarlvRi  to  tin;  mind  of  tLe  tliiiikrr  as  ufiTording  a  duv  to  the  prubablo 
action  of  ferments,  to  wit :  (I)  tbi>  function  of  bwmogloliin  as  an  uxygea 
carrier,  m  &  go-between  the  ntrooapberic  oxygen,  on  tb&  one  band,  and 
the  urgBiiio  moI«cnl^  which  are  oxidined  by  it  in  tlit-  OTgaiii»tu,  on  tbe 
otber,  and  (2)  lh«  function  of  sulphovinic  acid  in  tW  pi-oL-esti  of  fetheri- 
fication.  In  the  )att«r  case,  however,  the  r«mlta  oi  the  proceiUj  are  the 
revcree  of  Uione  wbitb  follow  Un*  iLOniiA)  action  of  fernifiit»,  in  m  far  that 
whiUt  lliH  tatttir  an  ihvir  pnnmry  function  ktutl  to  lh«  ilt-oomp'oiitLuu  of 
oomplex  into  simpler  compounda,  the  action  of  aolpboWnic  acid  leads  to  the 
syuUieBta  of  a  more  compVx  oat  of  siuipWr  molecules,  to  a  oouTeraioD  of 
Icinetiu  into  jiotviilial  <-iiergy. 

bijTaM  1'he    principal    enzymes   of    the  alimentary   canal 

disikr  la  th»ir  boloDB  cithcr  to  the  gToup  of  '  proteolytic,"  or  to  that  of 
acttooa.  ■  amyblytic  '  fertueuta.     Tlie  enzymes  of  the  first  group 

(pepsin  and  trypfiin),  dissolve  proteids  and  effect  their  more  or  lcs4 
proround  decomposition.  The  enzymes  of  the  second  cIums  (iia  the  so- 
called  '  ptyalin,"  the  diastatic  enzyme  of  the  salivary  glands,  and  the 
poweiful  dia«t4Ltic  enzyme  of  the  pancreas)  liqtiify  boiled,  geln-linons 
(tt&rcb,  breaking  down  the  complex  starch  molecule  into  molecules  of 
greater  and  greater  simplicity,  of  which  the  final  representatives  are 
a  dextrin,  malto^*  and  dextruHe, 

In  aihlition  to  the  two  groups  of  ferments  referred  to  above,  there 
occur  in  the  alimentary  canal '  curdling,' '  iuvertiiig,'  aud  '  fat-dccom- 
posing'  or  'piolytic'  fermenta  These  enzymes  will  be  considered 
ID  detail  in  the  sequel 

i.  Temperaltirt.  All  ynzyines  exert  a  more  ener- 
getic action  at  a  moderately  high  than  at  a  low  tempe- 
rature, though  the  influence  of  a  rist!  in  temperature  is 
more  marked  in  some  cases  than  in  others,  ii.  Jttaetwm. 
The  reaction  of  the  medium  in  which  they  are  placed, 
iuHuences  remarkably  the  activity  of  certnju  enzymes;  thus  the 
prot4K>lytic  enzyme  of  the  Btomach,  pepsin,  is  inactive  in  neutnd  or 
alkaUuc  solutiouH,  the  presence  of  a  free  acid  being  cii&eutiul  to  its 
activity;  whilgt  the  proteolytic  ferment  of  the  pancreas,  tr^jmn.  acta 
with  feebleoeu  in  aulutiooa  which  are  neutral  or  feebly  acid  and  needs 
a  decidedly  alkaline  medium  for  tlie  full  exi^rcuie  uf  its  powerx.  iii/ 
Pretence  or  abtence  of  ta^eese  of  certain  mtts.  The  influence  exerted 
by  saltc  upon  certain  reactions  induced  hy  ferments  ia  ilhiHtmteil. 
(a)  by  the  impoBsibility  of  induciue  iho  cur<lling  of  caBcin  in  the 
al^nce  uf  calcium  salt^.  (6)  by  tiie  hindering  action  ezerted  by 
certain  neutral  salts  on  the  coa)^latioD  of  the  blood,  and  of  certain 


Ctrcnm- 

nancM  wtalcb 
taantaea  t&a 
aetmi;  ol 
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Other  BaltR,  an  for  insUuice,  pota^luui  iodide  and  brotniile  on  peptic 
digestion. 

In  «xeritni  Frt^m  a  Consideration  of  nil  tho  fncts  bearing  on  th«i 

tb*\r  *ction  muttcr  il  would  appear  thtit  iu  uxcrtiug  their  cliamct«r- 
d«t™°ST*'  '''^''^  actions  the  various  enzymes  are  in  part  slowly  And 
gradually  destmyed,  so  ttiat  the  activity  uf  a  givtm. 
quantity  of  enzyme  cannot  be  prolongetl  indefinitely.  In  mu 
perh^is  in  &II,  cases  the  accumulation  of  bodieH  which  result  from 
the  ferment  action  rIows  nnd  uLtimately  nto\t9.  that  action  long  befurL' 
the  enzyme  ha**  been  exhausted  or  destroyed,  so  that,  by  merely 
removing  the  bodies  eo  acting,  activity  is  restored  to  it.  This  re- 
moval can  often  bv  effected  by  the  process  of  dialysis. 


Sect.  1.    Sjujva,.  and  its  Action  upon  the  Cosstiti^exto  of 

Food. 

tUTRODVCTORT  SKETCH,  CHIEFLY  COXCB/tSiyo  THE 


PorpoMS 
aftUra. 


The  interior  of  the  mouth  is  continually  moisteneJ 
by  a  somewhat  viscuuH,  tasteless,  watery  liquid,  tht 
saliva,  a  product  of  the  activity  of  several  eo-called 
mtivarff  glartdn;  the  presence  of  this  liquid  facilitates  the  movements 
of  the  tongue,  lips  and  cheeks  in  nrticulotioD.  Though  c*«CQtial  to 
proper  articulation,  the  saliva  is,  however,  to  be  looked  upon  as  one 
of  the  digestive  juices,  and  is  poured  out  in  much  increased  quantities 
vflicu  food  is  iiitrmluccd  into  tlio  month. 

It  ac1;8  as  a  solvent  uf  many  sapid  Hiibittauces  introduced  into  the 
moiitli,  and  as  the  vehicle  which  liringB  them  into  contact  with  the 
end  organs  of  the  uervus  of  taste;  by  moistoning  the  food  it  ren- 
ders the  essential  protiminar>'  act  of  masticatiou  more  easy;  tt  prevents 
the  particles  of  food  from  adhering  to  the  interior'of  the  mouth,  and 
thus  co-operates  with  the  muscular  movements  of  the  lips,  tongue,  and 
cheeks  in  forming  the  crushed  food  iuto  a  botui  which  may  readily 
bv  prupclUd  through  the  phai'yus  and  uiaophagus;  lastly,  in  man  and 
several  other  animals  it  exerts,  in  virtuw  of  the  presence  of  an  ensyme. 
wliicli  used  formerly  to  be  termed  ptyalin,  ami  which  we  now  usually 
term  the  '  diastatic  '  or  '  amytolytic  '  ferment  of  the  lialiva,  a  solvent 
action  upon  the  starchy  constituents  of  food,  and  thus  initiates  the 
chemical  operations  to  which  the  food  is  subjected  in  its  progress 
through  the  alimentary  canal.  The  s.a.liva  exerts,  therefore,  two 
fets  of  functions,  the  mechanical  nnd  the  chemical,  of  which  the 
first  are  unquestionably  the  uore  important,  as  is  shown  by  the  fact 
that  in  many  animals  the  saliva  is  free  from  diastatic  ennynie  and 
therefore  from  any  chemical  activity  whatsoever,  or  contains  it  m 
such  small  quantities  that  they  cannot  be  supposed  to  exert  any 
appreciable  action. 
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aS.YESAL  OB^iERVATIOyn  CPOX  THE  .fTRVCTCRE  OF  THE 
SAUVARV  liLXNm    WJfE.V   AT  IlEST. 

As  ht»  been  already  said,  the  saliva  is  sccmtcd  by  neverat  glands 
of  *'hich  tlie  ducts  pour  their  secretiou  into  the  cavity  of  the  month, 
whpre  ic  is  mingled  and  conslitutcB  the  'mixed  saliva."  The  chief 
of  these  zlandR  nr«  the  parotid,  siibmnxillary,  and  siiblingiinl  glands, 
though  tjfieir  secretion  is  mixed  ivith  that  of  small  glands  (mucotis 
and  (wroM»)  scattered  throuf^h  the  miieoux  mombrauc  of  the  mouth 
and   toDgUL*.  mid  which  arc   included  uudtri-  the   term  of  '  buccal  ' 

f lands.    Many  auimal»  |k)»svss  alijo  a  fairly  largo  orbital  glaud,  the 
uct  of  which  opens  into  the  mouth. 

fttnwtnn  of  The  salivary  glands  al)  boloDg  to  the  group  of 
tbs  MOlTuy  'acinoiu'  or  'cumpoiiud  racemOAe  glaiids,  although 
•*■"*■  the  terminal  alveoli  are  in  reality  more  tubular  than 

sj^rical.  According  to  the  researches  of  Heidenhain  they  may, 
however,  be  dividecT  into  two  groups,  which  he  ban  denominated 
seroua,  or  albuminous,  and  mucous  glauds,  according  te  the  structure 
of  the  cells  of  thoir  acini,  th>:'ir  chemical  characters,  and  the  nature 
of  the  secretion  which  they  cluborute. 

The  parotid  gtaiid  ui,  in  most,  if  not  iu  all,  mammals,  an  albu- 
miuout)  gtoad,  although  a  few  mucous  cells  may  be  present  in  it. 
The  flubmaxillary  gland  is  iu  some  animals  albuminous,  as  iu  the 
rabbit:  in  others  mucous,  as  in  the  dog:  in  nthent,  again,  part 
albuminous  and  part  raucous,  as  in  man.  The  Rub-lingaal  gland 
consists  iu  part  of  tubes  with  mucous  celts  and  in  |)art  of  tubes  with 
albuminous  cells;  OD  account  of  the  general  prepDiidi? ranee  of  the 
mucous  element  it  is  classed  willi  mucous  glauas.  The  urbital  gland 
U  as  a  rule  mucous  or  serous  according  as  the  submaxillary  gland  is 
nkuoous  or  serous.  Glands  belonging  to  thu  former  of  these  classes 
secrete  a  fluid  euutainiug  some,  though  it  may  be  only  a  small, 
quantity  of  a  proteid  coagiilable  by  hciat,  and  resembling,  if  not 
identical  trith,  sonim-albumin ;  the  mucouH  gtauiiH,  on  the  other 
buid,  aa  (heir  name  implies,  eecrete  a  liquid  relatively  free  from 
albumin  ;  but  containing  mucin  as  its  cliaracteristic  constituent. 

Iu  Ifae  s«rou8  glands  hardened  in  alcohol  the  epithelium  lining 
the  acini  is  composed  of  comparatively  small,  polygonal  or  round«a 
colls,  of  which  the  oiittiu«s  arc  not  vc-r^  distinct  until  acted  upon  by 
certain  reagents ;  the  prolopliutm.  which  is  but  slowly  coloured  by 
canoine,  presents  many  dark  graDuleu,  and  the  uormoJly  spherical 
nucleus  is  oflen  shrunken  by  the  reagent. 

In  the  mucous  glands  the  cbaraoteristic  (raucous)  cells  of  the 
alreoli  are  laige  and  clear,  very  fiitntly  gniDular,  with  a  rounded  or 
ovtU  Ducteus  Dcnr  their  periphery  surrounded  by  a  little  protoplasm. 
Here  too  the  nucleus  mav  be  much  shrunken.  The  part  of  the  cell 
Dear  the  nucleus  is  usually  prolonged  into  a  process  which  overlap* 

twigfabouriug  cell. 
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Mtcroolie- 

noiu  or  tba 
urottsftnd 
moeoui  cvUa. 


In  additioa  to  the  characteristic  mucous  cells  there  are  found  i 
the  alveoli   of  some  mucous  salivary  glands  when  examined    in 
fltatc  of  Test,  iittiated  ut  some  parts  of  the  periphery,  i.e.  lying  mo; 
internal  thao,  or  nearer  to,  the  membrana  propria  than  the  mucoua 
cells,  BmalJ  colls,  possessed  of  a  round  nucloue  usuaJly  o^grcgatedj 
together,  and  containing  much  albumin  ;  tu  tlii^-^e  aggreeatiuiii«  (tir^tf 
described    by   Gitinuizi^)  the  term  demilunes  or   (unulcv  ha«  bcco 
applied.     Tliey  may  with   probability   be  regardeil    m   albuminous 
cells  which  have  been  overlapped  by  the  krger  mucous  cells.  ■ 

1.  The  serous  colls  poasoM  micro-chemical  reactions 
which  indicate  the  presence  within  them  of  proteids; 
to  wit,  the  addition  of  dilute  minora!  acida  (containing 
002  per  cent,  of  acid)  causes  marked  turbidity, 
effect  which  is  much  moro  strongly  jiroduced  by  th( 
SADiv  acids  in  a  concentrated  condition.  Acetic  lurid  causes  con 
sidembte  ttwetUug  and  a  clearing  up  uftlia  cell  contents. 

S.     Mucous  cells  appear  to  bo  composed   mainlv  of  mucin 
IQUO^Q  (?).     Thf  ir  substance  is  prt-cipi(aled  by  acetic  acid,  whilst  i^ 
is  altogether  unacted  upon  by  siroiig  uitnyml  acids. 

3.     According    to    Xiiwhnum'    the   prcspTico   of    Bmylolytie  fsrme 
^thin  the  secrat-ing  cells  of  the  nativary  ^Innds  is  rcodered  evident  b] 
th«  cells  aasitmiug  a  ilarlc  colour  wlit-n  hmuglit.  in  contact  witli  a  I  ]>erct>iit 
solution  of  osraic  acid.      It  has  howpv^'r  Vieun  shewn  by  Urlitzner'  th 
thv    cells   of   aalivarr   glandn,    wliicti    fnrui    no   (Iiiu4Eatic    feiTnent,  aa 
iiiittance   tli*   siilmmjtillary  gland  of   llif  ralibit,  powMMM  the  property 
rcdiiriiijf  OAinic  ncid.     Langtey'  hfts  shewn  thnt  if  a  judgrasnt  aa  to 
c«11h  vbicb  form  diaatatic  li;riiieiit  wvt^  baticd  upon  th«  oaratc  acid  reactlof 
we   iliould   Im    led   to  tbw  alisurd  cuncluxiKti  thnt  tlie  furnifrit  i.i  chiejl] 
forraed  by  thi!  opithdiurii  lining'  tlit  duct«  and  duotlvUt  and  tbw  |Mirt  of 
alveolus  next  to  the  latter,  whilst  the  alveolar  cells  projier  would  onjov 
KDch  function. 

somofUatu  As  has  been  said,  in  certain  mucnns  glaqds 

iut«rma(Uau      mucous  Cells  are  supplemented  by  the  cells  of  the  det 
inttmcture.       ]nna»,  though   certain  mucoua  glands,  as  those  of 
loncue,  exiat  where  the  typical  mueous  colls  alone  occur. 

There  are  glands,  and  the  aubmaxillary  of  man  is  an  exaiupl 
which  are  termed  mixed  glands,  iuaamuch  as  some  of  the  acini  hai 
all  the  characters  of  sennis,  others  of  mucous  glands. 


'  GUnoEd.  Ber.  d.  SSchi.  Qei.  d.  »'(«..  SiU.  t  27  Nov;  18fi7. 

■  NdmImoui,  *  Die  FennAnt-bilduag  in  deu  Drtiseo.'     Arektv  f.  mtcnt,  Jiwt 
Vol.  vjx.  {1678).  v.  721. 

*  Grutener, '  U«fa«i  BilJung  und  AuMcheldTUie  von  P«nn«nt«B.'    PBOctr'a  AreX 
Vol.  !«.  1H77,  p.  105. 

'  Langlp;.  *  Some  ntniiirliii  on  tlio  formation  of  terincnt  in  ths  submaiUluj  | 
of  t}l«  lahbit.'     Journai  nj  Ftujtiolai}!),  Vol.  I.  ^1978),  )>.  Oa. 
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The  Kervous  Supply  of  the  Salivary  Glands. 

We  iitnll  nnt  enter,  in  this  place,  into  a  detailed  rJescripiion  of  the 
iDucnratioD  of  any  oue  of  the  salivary  glanda,  but  shall  condue  our- 
seTvee  to  the  following  categoric  statements. 

Each  ealivaiy  gland  is  supplied  by  at  least  tliree  classes  of  ftbrce, 
viz.  lecretory  fibres.  vaAJ-cunslriotor  and  vaHO-diktor  fibrtg,  of  which 
the  6ret  and  the  third  are  iu  general  conveyed  to  thf  glands  iu 
branches  of  cerebral  nerves :  these  are,  the  chorda  tympani  for  the 
eubiimxiUary  and  sublin^al;  and  the  anriciilo- temporal  (which  how- 
ever derives  tbem  through  communications  with  the  otic  ganglion) 
for  the  parotid.  The  second  class,  of  vaao-constrictor,  fibres  for  the 
moat  piirt  run  id  sympathetic  trunks,  which,  however,  also  contain 
secretory  fibres- 

When  therefore  one  of  the  crauial  branches  aupplyiii);  a  gliuid  is 
stimulated,  there  occur  two  actf,  viz,  secretion'  aod  simultaneous 
dilatation  of  blood- vetweU' ;  that  those  two  acts  are  not  ahiuilutcrly 
iDtcrdepcndent  ia  proved  by  the  fact  that  certain  drugtt  Huch  as 
atropin^  paralyse  the  one  sot  of  fibres,  leaving  the  other  intact 

When,  on  the  other  hand,  the  sympathetic  filaments  itiipplyine 
the  gland  are  stimulated,  the  blood-veaaels  of  the  eland  contract,  auu 
there  is  produced  a  small  quantity  of  ^iliva  differing  in  physical 
characters  and  chemical  compesitiou  Irom  that  obtained  under  the 
ciicumstouoes  first  referred  to. 

According  to  Heideuhaiu*,  however,  in  each  of  the 
two  kinds  of  nerves  supplying  a  nativarj'  gland  there 
exist,  besides,  the  vascular  nerve  fibres,  secretory  and 
trophic,  or  aa  we  should  pi'efer  to  term  \liem,' m«t(^otic' 
fibres,  though  the  number  of  one  or  other  of  the»c  classes 
may  be  iDsignificuut ;  llie  secretory  usually  predominating  in  the 
cranial  nerve  branches,  the  trophic  in  the  sympatlietic.  Stiriiiilation 
of  secretory  fibres  loads,  according  to  HeidcnhoiD,  to  on  incrcadcd  How 
of  water;  atiniutation  of  ilte  metubulic  to  an  iQcreaxed  ttecretion  o( 
specific  substances,  in  consequence  of  tbc  conversion  of  insoluble  into 
soluble  MubatanceK,  and  to  an  iiicreaaed  production  of  protoplitHm. 

There  un:  d«cid«(l  obj^'ctioas  to  ngcQptin^  tbc  term  (n>$)hic  (which  lias 
already  been  used  in  a  difl«ivnt  and  fairly  w-elMcnown  a»aw)  to  desigijat* 
those  Dervo  Hhres  whose  action  it  is  s|>eGinlly  to  Jncn^aHO  tJie  iiKitiiWUeiii 
of  ■ocrciiag  evils,  SDil  wu  ih&ll  thi-n-forv  in  general  uHe  nt^liiMic  iu  tlic 
uroo  sense  as  Heidcubain's  cxprcasion  trophic  Thr  tcrai  Inrjihk  lias 
bMn   generally   employed   to   designate   tlie   action   wbicti  oortuiii  tiorvo 


B«ut«aliAlii'> 
dlsUacUaa  tts- 

tVMS       SMT*- 

toTT  and  tn>- 


^  tilrfwig,  ■  Kcuv  VerfiMlw  iibvr  di«  BetbuUe  der  Ncrren  tut  itp(dclMlabM>aid«niitg,' 
Ztittthi-./.  ml.  ittdii.,  N,F.  (IBSl).  p.  359. 

*  aaods  BarDsrd.  Complet  Rrtuluf,  98  Jsb.  IS$6. 

■  KiroebBl,  '  Dsa  Atropia  u.  dto  Honiiniiiiguuma.'    norpsl.  1W2. 

*  HeidcnhsiD.   ■  PhjBialogu  dsr  AbsoadtnuigiTorxiagt.'    HMioaaa'i  HamdUmch, 
Vol. ».  p.  M. 
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centres  exen  on  th«  nerve  Shnt  connociod  with  them  and  on  tbe  ttsnim 
and  ni*gaiis  vhich  lire  iniiervattHl  by  tliniii.  Thus  the  GMMSUn  gandion 
is  said  to  ox^rt  u  tropliic  inducnco  on  the  eye,  a«  its  complete  divuii 
IuuIg  in  genera)  to  destructive  cbanf^cs  in  that  or^n;  or  to  take  a  case  le 
open  to  controverny,  tbe  gitnglion  on  the  pasterioi'  I'oot  of  &  spinnl  nvr 
ia  mid  to  exctt  a  trophic  irLflticnoo  on  the  fttfei-etit  (itirae  oonni^'tod  with 
it,  becHUHo  when  thcao  aro  aqmrati-d  Eram  it,  and  ao  removed  from  ita 
influence,  thej  undei-gn  a  process  of  degeneration. 

Vascular  Changea  which  accompany  Secretion. 

Oniinarily  when  a  salivary  gland  passes  from  the  state  of  rtwt  into 
thnt  of  activity  it  is  at  once  the  seat  of  an  iucreaiseii  blood-Bow,  which 
is  associated  with  the  dilatation  of  the  blood-vosscU  of  the  organ. 
Under  these  circumstances  the  blood  leaWne  the  gland  preaunts  a 
florid  artcriiLl,  itiatead  of  a  venous  colour,  which  charactoriubs  that  of 
the  organ  when  at  reiit.  Thi»  ru»ciilar  dilatation  in  expliune<l  by  the 
coming  into  action  of  the  before-Dieulioued  vajio-di later  tibres ;  it  is 
not  necessarily  dependent  on  the  net  of  ticcretion,  as  it  raaj  occur  af 
the  secretory  fibres  have  been  paralysed. 

Heat  evolved  during  Secretion. 

As  was  shewn  in  a  now  olasstcal  investigation  of  Ludwij^\  ivben 
the  salivary  glands  are  thrown  into  activity  there  ta  a  rise  in  tem- 
peratur*.-,  ao  that  the  tonipcrature  of  the  saliva  leaving  the  siib- 
ma-tillury  gland  may  exceed  by  I'C.  that  of  the  blood  flowing  to 
the  gland.  This  rise  in  tempemlure  cannot  be  explained  by  a 
study  of  the  chemical  characters  of  tKe  salivary  secretion,  but  is 
doubtless  the  result  of  the  increased  metabolic  changes  which  nocM- 
sarily  accompany  the  act  of  secretion  in  the  gland  celb,  aud  which 
chiefly  ntlect  tlieir  protoplasm. 

The  Secreticn  of  Saliva  not  an  act  <ff  fiUration. 

That  tbe  secretion  of  ^liva  (and  indeed  that  aacretioD  in  general) 
18  not  a  mere  act  of  filtration,  was  proved  by  Carl  Lndwig  wheu 
he  shewed  that  saliva  can  be  secreted  by  a  gland  thoxigh  the  pre^- 
snre  exerted  by  the  secreted  fluid  in  the  ducts  within  it  is  considerablr 
higher  tbnn  that  of  the  blood  circulating  through  the  arteries  which 
supply  it  On  many  grounds  it  may  be  positively  assertied  that  the 
secreting  celts  arc  the  primary  ngonts  in  the  withdrawal  from  the 
blood  of  the  wattr  necessary  for  the  accretion,  though  tho  exact 
nature  of  the  process  is  yet  uukuowu';  similarly  on  the  grounds 
stated  below  we  know  that  within  the  protophism  of  the  gland  cells 
tlie  characteristic  Holuble  constituents  of  the  secretion  are  formed. 


■  Lndwift  u.  A.  Spieu,  '  Vorgleichtin^  der  Wiinoe  d«r  UntcrkMBr-DrtManpeMicl 
und  dus  ^«ebmitis«ii  Cuatideoblutan.'    Zeifvhr.  /.  rai.  Med.,  1868,  p.  381. 
*  CooiuU  neidcmliBii],  nermuiii'a  Uandbmrh,  Vol.  v.  p.  73. 
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Structural  0M»ge»  in  Secretary  Ctlla  acccmpanyii\g  acSiu^y  of  ihe 

Salivary  Gltinds. 

The  researcLes  made  duriug  tlie  last  few  ye&ra  hy  Heidenbaia, 
Ebateiu  and  Griltzner,  Lauglcy,  aud  fiilly  conHrmcd  by  a  laiv« 
number  of  obsen-er»,  have  dvmoQstmttid  tLai  iu  the  salivary  glauds, 
M  pcrbopft  ia  all  secreting  jflands,  structural  and  perfectly  obvious 
naicroKopic  change:)  occur,  which  Dtaiid  in  close  rcUtdon  to  the 
diff«r«at  conditions  of  functional  actintj. 

The  reciting  glund  cell  i.i  large,  but  puitseBHes  compa- 
of  wtdM*"  ratively  little  prtttoplasm,  and  thert-fore  comparatively 
jiaadf.  little    matter    whicn    can     hu    stained    by   colouring 

matters,  especially  by  carmine  ;  it  containH,  instead,  a 
store  of  tnatenal  which  has  been  elaborated  in.  or  at  the  expeoKC  of, 
the  protoplaam.  This  material  doeo  not  constitute  the  specific 
matter  of  the  wicrction.  but  ia  its  nutecc-deut. 

Tbat  a  clieiiiicul  ditrvrenov  exiatn  wliicli  wimitn  of  dli-rct  proof  is  argued  by 
Hcidenhain,  in  iho  l'awi  uf  the  luucuus  glmicU  for  Heveml  I'tMBoux.  but  uiaialy 
on  tfae  ground  of  the  BtAt«inenta  of  Watni^y  uid  EUein,  tbat  whilst  mucin  U 
stained  hy  hwrnatoxyliii,  ita  antecedent  (uiuciguu)  is  not  afiectvtl  hy  tliat 
colouring  DiHtter.  Mr  J.  N.  Laiigli;)'.  wbu  liiu  devot«d  itiudi  nttrntion  to 
th\»  qumdon,  has  arrived  at  the  coacIu»ioii  that  ait  yM  no  evidence  what- 
ever exista  which  warraiiUt  the  aR»erti»n  lliat  such  a  bypnUiatii^  mvcigcn 
fxista.  In  a  lntl)erto  unpuhlislM'd  iLOt«  on  the  subject  which  the  author 
has  had  tho  advantage  of  reading,  ho  points  out^  itti#r  aita,  that  hvma- 
tcxyliu  when  added  to  aulivn  does  »ot  staiii  tha  muciu  which  llwt  fluid 
oontainit,  uiiIcm  it  Iw  in  a  suliitiuii  which  iuutainit  alum. 

Tho  iK'hnviour  of  tlie  gland  ol'IIh  towards  hH'uiatuxylin  vuriea  gi-t^atly 
aMoidin;;  to  the  treatment  "liicti  the  tissue  has  midt<i-};»im.  Laugh^y  hiu 
fretinnntly  obtained  sratioiis  of  glaud  bHrdennJ  in  aliolud  with  a  stringy 
oiasB  of  niufin  in  the  dnolu,  aud  on  staEniiig  with  hmniulcxyliM  (whether 
KlciocnlwTg'a,  or  Dohmer's  or  Delalield's,  or  in  aqucoua  snlutioo,  ot  ia 
dilute  alkaline  MutJon),  ohtalnod  good  8t«iiiing  of  nudei  and  cleniilu&ea 
witlioiit  t}i«  uiuciii  having  taken  a  ti-auo  of  t^our.  If  w«  ara  to  ruly 
on  the  hematoxylin  t«st  we  must,  ia  such  cases,  conclude  that  the  ealiv* 
in  the  duct  did  not  coiiUiin  inmun  hnt  luucigen.  'It  ia  possible,'  saya 
I">gl^t  'that  a  ui«thod  of  atainiiig  witlx  hibniatoxylin  may  >«  found 
which  shall  giva  aatisfaotoiy  reaidta;  for  somotimM  the  subotAnce  in  the 
duct  is  staintid  more  thnu  the  cells  and  tionietiaies  Uie  cells  are  tiiie(|Mnlly 
stained,  but  at  pr«^Mnt  onv  cnuitul  UHO  httnnatoxj'lin  in  sud)  a  way  tw  to 
give  rack  reaulta  constantly.'  But  Langloy's  cTitici«i»  is  not  hmit«d  to  the 
chemical  grounds  which  have  )>o»n  alleged  iu  favour  of  the  hypothetical 
mncigcn.  He  con«idprM  (hat  the  jihyaiologicHl  evidence  iu  favour  of  lU 
esdstence  it  at  pnwunt  insiifficient  Tho  further  disouasion  of  this  quostion 
it  beyond  tho  scope  of  the  preeent  work. 

ohuacteru-  When,  however,  a   gland    pa^isdK    into   a   staUi    of 

ucs  or  candB    activity,  as  for  example  by  the  irritation  uf  its  so-called 
a  ^iiatfl  of    secretory  nerves,  the  gland  cclU  tindergo  the  follomng 
changes,  which  may  proceed  siinultaoeoiisly,  though 
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not  necessarily  »o>— the  slort-d-up  matter  previously  referred  to  u 
converted  inta  soluble  coQStitiicuts  of  tho  se«r«tion,  and  at  the  sbm« 
time  tLere  occun*  a  growth  of  tlie  prutoplasiii  of  tbe  cells,  at  tlie 
expense  doubtless  of  tlie  richer  supply  of  lymph  whicb,  during  the 
secretoiy  act,  batheK  the  gland. 

Tlie  period  of  activity  in  ao  far  aa  the  gland  cell  is  concerned  is 
indeed  a  ppriml  of  removal  of  ready-made  constituents  of  secretion; 
a  perioii  in  which  the  protoplasmic  eoiistituents  of  the  cells  geoerally 
increase.  According  to  some,  active  proliferatioa  of  secreting  celb 
occurs;  the  latter  statement  h  probahly  incorrect. 

Whilst  we  have  in  a  k-w  aenteuccs  sketched  the  general  characters 
of  the  cliftDgc's  which  glands  undergo  during  secretion,  our  picture 
is  wanting  in  all  details,  and  the  reader  is  referred  for  further  infor- 
mation to  ^s■o^ks  on  Histology  and  Physiology'. 


Sect.  2.    The  Chemical  Composition  of  Mixed  Salh-a,  op 

8ECBETI0N    OF    THE  THREE   CHIEF  SaUVAKY  OLANDS,  AKD  Of' 

Buccal  Mucus. 

].     Miked  Saliva. 

Vote  of  Ob-  I't'C  mixed  saliva  of  man  may  he  obtained  in  a  state 

uiaiAE  mix*d  of  purity,  some  hours  after  a  meal,  by  everting;  the  lower 
•***'*■  lip,  depre-ssing  the  bead,  and  collecting  the  clear  Uouid 

which  nlowly  trickles  from  the  auglea  uf  the  luui^h.  An  ahundant 
flow  uf  saliva  way  be  provoked  by  tlie  iuleraal  use  of  Jahoraadi 
or  its  alkaloid  Pilocarpine. 

A  fairly  copious  flow  may  b^  obtained  by  inspiring,  through  the 
mouth,  the  vapour  of  chloroform,  or  by  washing  out  tho  mouth  with 
K'ater  containing  a  little  ether  in  Holutioo,  or  even  hy  chewing  a 
I'ragiFieat  of  rhatany  root;  in  the  latter  can'^  the  Huid  i.s  natUTUJy 
mixed  with  the  vegetable  fragments,  and  with  the  soluble  couatilueub 
of  the  drug. 

QtuuLHty  of  !■>  the  case  of  saliva,  tut  in  that  of  other  digestive 
■aUra  M«r«-  juices,  we  possess  no  mode  of  detennining  in  a  nJiable 
Mdbrmut.  ninnni?!  the  amount  of  the  eecrction  which  is  poured 
out  in  the  ph^Tsiolugical  condition. 

Mitacherlich  caTcuIat&d  the  probable  secretion  of  mixed  saliva  to 
amount  to  8  to  10  ozs.  daily. 

According  ti>  Tuozek ',  the  salivary  glands  of  adnit  man  secrete 


■  Conault  spMiaUjr  Ueidenhaiu'i  aysl«maU(t  aacaunl  uuilor  llio  hMdiag  'TtniBp* 
iancrhalli  tier  Diiwen  vnilireuii  ilirvr  Tbii[i);ki)i('  in  H«rniaDii*a  tlandlmek,  ToL  v. 
ChB,ptci  IV.  p.  Ml.  Tlic  ri-nilrr  will  &nii  n  mure  Ic^ni^tli.v  ifMUnust  tlutn  is  pwdW«  lo 
the  pi*icjit  work  in  Dt  MkiiiK-l  Fonti-r's  T'Jt  linnkof  i'h^tiotogu,  Ed,  v. 

''  TucEck,  '  <.'cbcr  <lic  roii  >fcni>cbcn  wiilirvitd  dt«  Ivnueiu  UgMOndaiteS  8f«Mul- 
luUDgvn-'     y.tilnhr.J.  Uiulugit,  Vol.  sic.  p.  inU. 
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duriug  m&fiticatiou  at  tJt«  rate  of  ISOO  ^mtues  of  a«Uv&  for  each 
100  cramtnes  of  glaad-subsUQce.  the  saliva  contaiuiog  (J'3  grammes 
of  solid  constituents,  of  which  3'9  gnunmcs  consist  of  organic  matters. 

Physical  Pivperties  of  Mixed  Saiiva. 

Normal  saliva  is,  when  perfectly  fresh,  a  clear,  transparent,  viscid 
fluiil,  which  on  microscopic  pxiuniaation  is  found  to  hold  in  Mispenaion, 
but  vuiy  ^iaiHety  dLstribated  through  it,  cells  of  squamous  epithelium 
which  bave  become  detached  from  the  walls  of  the  moutn,  besidm 
ccrtaio  cells  denominated  aalmiri/  corpuscles,  which  are  probably 
leucocytes  altered  by  the  action  of  saliva  ;  these  oelb.  which  pre^eut 
i«omc  reseniblauco  to  leucocytes,  aro  much  more  globular  and  contain 
withio  their  iutvriur  granules  which  exhibit  so-cutled  Brownia-n 
morements  in  a  ver^'  remarkable  mauuer. 

«v«cuu  The  spcctHc  gravity  of  the  mixed  saliva  of  man 

mntT.  varies  between  1002  and  l"00(i,  the  mean  belag,  how- 

ever, about  1-003. 

■«aeiiwL  Perfectly  normal,  human  saliva  posseeees  an  alkalioe 

reaction,  which  is  least  marked  after  ii  long  fast,  and  most  distinct 
when  the  flow  of  the  secretion  is  at  its  height.  According  to 
Chittenden  and  Smith  the  alkalinity  corresponds  to  that  of  a  solution 
containing  Oi)8  per  cent,  of  Xa^CO '. 

Id  some  persons,  especially  m  the  momiog,  the  saliva  is  found  to 
poesess  an  and  reaction,  which  is  however  du«  to  fermentative  changes. 
Frerichs'  found  that  100  gramniL-s  of  saliva  secreted  by  himself, 
during  smoking,  required  OIoO  grammes  of  aulpburic  acid  to  neu- 
tralise it. 

THE  CHEMICAL  CONSTITCENTS  OF  MIXED  SALIVA. 

wsttr.  Aa  is  indicated  by  its  specific  gravity,  saJiva  is  a 

very  waier)'  licjiiid,  coutaiiiiug  only  from  live  to  six  parts  ,p«r  rnitte 
of  solid  coostittieots. 


Preutte 

aaMwMeia. 


T%e  Organic  Solida  of  Siiliva. 

The  solids  consist  partly  of  undissolved,  fiu^iiended, 
organic  itiatten,  capeciaUr  epitheltum,  and  partly  of 
dissolved  organic  mat-ters  and  salts.  They  always  contain  a  very 
small  quantity  of  a  siiluble  proteid,  which  roHCmbles,  if  it  is  not 
identical  with,  menim-albumin.  besides  a  conniderable  iiuaiitity  of 
mucin. 

BtoMrtio  In  the  cose  of  thu  saliva  of  man  and  oortaiu  other 

savsM.  animals,  an  enzyme  is  present  which  possesses  amvlolytie 

properties  and  exerts  a  chemical  action  which  ap|>ean  to  be  identical 

>  CluttatHl*!!  tad  Smith,  Trtituafii'n*  ConnKtievI  Jnoei«tion,  16M. 
*  FtiKlebt,  Aniid«  '  Verdsuune,'  Wtgner's  BaadirSrleriMieS  der  PhftMofU,  Vol. 
I  u.  put  i.  p.  TOO. 
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with  that  of  diastase.  This  ferment  Has  frequ«Qtlv  b«OD  termed 
Ptifdlin,  tliough  this  nami*  vrsm  originally  applied  by  Berz«liu8*  to  the 
oTvanic  matters  of  the  saliva  geaerally,  obtained  by  a  method  which 
robbed  them  of  all  ferment  action,  which  besides  was  unknown  t«  the 
Swedish  observer.  It  is  more  usual  t^o  designate  it  the  Dtastatic 
Ferment  (or  Enzyme)  of  the  Saliva,  or  Salivary  Diastase.  It  will  be 
separately  discussed  in  one  of  the  succeeding  sections. 

By  V.  WIttieh's  method,  Hufner'  obtained  from  th« 
snlivary  glands  of  the  pig  a  glycerin  extract  which,  in 
addition  to  very  slight  diaatatic,  possessed  feeble  but 
decided,  proteolytic  activity.  This  ferment  was  said 
to  be  active  in  alkaline  as  well  as  is  acid  solutions. 
Munk*  obtained  a  similar  ferment  from  mixed  saliva, 
but  found  that  it  was  very  active  ia  acid  solutious. 

It  is  probable  tliat  the  ferment  discovered  by  both  HUfiier  and 
Muuk  was  pepsin,  of  which  minute  ti-accs  probably  make  tbcir  way 
tQto  the  teveriJ  Hiiids  of  the  body.  The  unue,  for  iostance,  is  kuowu 
to  contain  &  trace  of  diastatic  ferment  and  especially  of  pepsin,  and 
occauonaUy,  it  is  »id,  of  trypsin,  and  of  rennet  ferment*. 

BxtTMttT*  In  disease,  certain  extractive  matters,  such  a«  urea, 

tnitten  or  Jcucino  and  lactic  acid,  have  been  tliscovcrcil  iu  the 
""'*■  saliva.     The  fimt  of  ibL'se  is  probably  a  nornml  oon- 

stitucut,  though  only  present  iu  minute  traces.  We  do  not  yet  know 
what  other  extractives  occur  as  regular  constituents  in  health. 

TTiff  SalxM  CoH'Btituenti  of  Saliva. 
The  Saline  Constituents  of  the  Saliva  are  oumiwacd  chiefly  of 
alkaline  chlorides;  they  include,  however,  also  alkaline  and  eaJrthy 
phospliatea,  and,  in  some  casea,  earthy  carbonates.  Tbey  arc  diatin- 
guishud  by  the  presence  of  a  salt  whose  formaliou  appears  character- 
istic of  the  Bahvary  glands,  viz.,  a  soluble  8uIphoc3'anate. 

DtecoTerr  Trevimnus'  was  the  first  to  observe  that  when  a 

of  «   luipiLO-    solution  of  ferric  chloride  is  added  to  8ali%'a  it  produces 

^j^**   "*        a  reddish  colour,  which  was  aubscuuently  concluaively 

shewn   by  Ticdemauu  and  Gmeliu'  to  be  due  to  the 

presence  of  sulphocyauic  acid  in  saliva. 

1  Dentoline,  TraltS  At  CMnut.  Kouvolte  £<Ulfoa  {wt  Vft]«riDi  (1S30),  Vol.  m. 
p.  591. 

*  nufner.  '  Untenndiimgen  llb«T  die  oimeroniitaD  FenaemM.'  Jotim.  /.  prutt. 
Chfmfe.  New  8er.  Vol.  S.  p.  ST3. 

'  Muuk,  '  lIuC«niiotjuiiUk.-u  UW  die  ungoforrokin  Pormonte  im  Thierlijirper,'  In 
M»ly*«  J'lhrrtbcrithl.  Vol.  6.  p.  270. 

'  W,  Sahlj,  'Uohar  Jm  Vattomnwn  von  Pftpiiii  un.!  Trypniii  iiu  nonu&loQ  nwilMfa- 
liehen  Uvn,'  tdllgpr*  ArMi:  Vol.  SG  {IdHlij,  p.  -Mli.  A.  Slmli'lfuanD,  •  C«bn- 
Fvrinenie  im  uormnlim  Uiun,'  Zri'Khrlfi  J.  HMonU,  Vol.  'H  (ItMM),  p.  SW;  nbo 
■L'nteriiituhiingiui  iibnt  dnn  ?»iMin-F«mieiit-|{^ftlt  Ana  nanonl^n  and  pstluitogUclura 
tUrtii-H.'     y.fitMchrift  J.  /iiViIngir.  Vol.  21  (LSSS).  Ii.  MIo. 

"  Trr%irnrnin,  ttitthgir,  IRH,  Vol.  iv.  p.  880. 

*  K,  Ticdciunnn  ujad  L.  Umdlu.  l}i<  I'tniaimni)  mtch  Veriuchtn.    Heidelbers  a. 

Lcii)Kig,  i^ae.  Vol.  1.  p.  8,  111  w]. 
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Xod*  or  d*-  (o)  Unman  sAliva  is  treated  with  a  small  volume  of 
■Mumtuic  a  pale  and  acidiiLited  Holiition  of  ferric  chloride.  A 
w'tMuci  or  a.  rendish  colouration  of  varying  ioteQaity,  but  t<ndincto 
ttl*Jocjr»MU  jjjjjj.  j,f  (jiiuted  claret,  is  generally  produced.  This 
colour  13  bleached  by  the  subsequent  addition  of  a 
aulutioD  of  corrosive  siiblinmte. 

(fr)  According  to  Gschoidlcn's'  method,  liltor'papcr  is  dipped  in 
n  weak  solution  of  feme  chloride  contaiuing  some  free  hydrocliloric 
ucid  and  then  allowed  to  dry.  Tbe  eontact  of  a,  drop  of  saliva  with 
such  puper  occanions  a  reddish  atain.  The  author  can  strongly 
recommend  tim  method. 

(c)  Solera's  Reaction.  When  human  saliva  is  treated  wiUi  a 
Bolutioo  of  iodic  add  it  osHumes  a  yellowiah  colour,  due,  accordini^  to 
Solera*,  only  to  the  sulnbocyanate  present,  which  liberates  iodine; 
the  latter  is  giibsequently  easily  detected  bv  the  addition  of  starch. 
Thifl  reaction  is  said  to  permit  of  tliu  detection  of  ij  OO^JOOOO*  grm.  of 
a  itulphocyanato. 

A  sulphocyanate  is  not  coaaUntly  present  even  in 
human  saliva.  According  to  Hoppe-Seyler,  with  whose 
exporicucu  ou  tUis  matter  that  of  the  author  does  not 
coiucida,  it  is  indeed  frequently  abaeut*.  In  the  saliva 
of  the  doc  Hoppc-Soyler  has  never  discovered  a  gulphocj-nnate, 
whilst  both  Schin  and  Solera  discovered  it  iu  the  rnixeu  saliva  aud 
in  the  eecretion  of  the  parotid  gland. 

It  has  been  asserted  by  Schiff  that  the  cuiantity  of  a  sulpho- 
cyanate,  as  determined  by  toe  depth  of  tiub  produced  by  the  addition 
of  an  iron  ^t,  iucreases  after  saUva  has  been  secreted,  mil  the  HtRte- 
ment  appears  to  be  inaccur&ce. 

According  to  Munlc*.  whose  method  of  (|uantitative 
iLualygis  will  be  described  in  a  subsequent  section  of 
this  chapter,  the  proportiou  of  siilphocyanic  acid  in 
mixed  human  saliva  amounts  to  001  per  cent. 

CVV 


Ii  A  ralpbo- 
or«iuit«  con- 
MaatlT      p»- 

MBttBMllraT 


Froi>onim 
ef  calpboor' 
■flts  add  la 

MUva. 


Sulphocyanic  acid    f,  iS  has  a  constitution  exactly 


C.V 


analogous  to  that  of  cyanic  acid  ^ 


0,  sulphur  oocu- 


ConsUtntlon 
and  probabM 
orKla  ol  eul- 
pbacfuiio 

Mid. 

pyin^  the  positlou  of  tho  oxygen  of  the  latter  l>Qdy. 

&  tho  metabolic  decomposition  of  the  proteids  the  chief  nitro- 

■  (>Mb«iill«a,  >Bli><klui&Mb«>«i«'  Privntuitthcilimfl.  UaI;'*  Jaltrt*lMriekt,  Vol. 
n.  p.  ill ;  sl«o  oonnlt  OMbeidkn,  ■Ceb{>r  din  cnni^Unlc  Vnrkonuiun  cinor  Sohwdal- 
tQrwiratUndinw  In  Bun  der  Singethieie.'     Pflllg«r't  Jrthir,  Vol.  14  (IA7T),  p.  403. 

'  S^en,  '  Dl  ana  putUwUre  Teaitlone  delU  mIIvb  '  Bbsinujted  in  Miljr'*  Jakrn- 
brrkht,  Vol.  tii.  p.  3£ft.  ■  IniUgiiii  lulle  nuknlfetlacicni  objcttit'Q  del  Bolfo^uiiiro 
poUooiM  uUnn.'    Pavik,  1S77.    AbitracU-il  in  Md>'>  JaJbrnirnVAf,  ToL  nn.  p.  ISS. 

*  Hopp*-B«7leT,  'K«i  vcitcm  arniit  alle  MukkIikii  likb«n  »obw«felo;ranli»lti8Mt 
S[>e*ch«t.*    i'h^tlolajifclK  CItmit,  I'&it  n.  p.  IHO- 

*  J.  UaiU,  *  EehwofiiIc}-&abo(timiaDng  im  Upekbcl.'  Vinliow'a  Jrthic,  Vol.  un. 
p.  85a 
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g«D0ii8  product  U  carbamide  or  urea,  a  body  whicli  can  be  formed 
with  remarkable  case  by  a  rearrangement  of  the  atoms  of  ammosium 
cvanate,  and  whose  forniatioD  probably  points  to  the  presence  within 
ifie  proteid ,  at  least  at  the  time  of  docomposition,  of  c^-anogen  roaidoet, 

The  siilphncy filiates  of  the  »Iiva  arc  doubUes  likewise  derived 
from  the  decompo.titioD  of  proteids.  Inasmuch  as  ammoaium  siUphiv 
cyanate  can  be  tnuisformed  into  -fulphur-urea,  just  as  aramonJum 
cyanato  can  be  tnuisJbnned  into  urea  proper,  it  would  appear  pro- 
wtble  that  some  sulphur-ures  should  occur  io  t^e  Ofg^iiim.  Mai; 
made  a  search  for  this  body,  but  in  vain. 

Suiphocyanic  acid  mkB  louad  by  Leaxed'  to  be  an  almost  constaai 
constitueut,  not  outy  of  the  saliva  but  also  of  the  blood  and  urine  of 
man  and  certain  other  auiuuds,  and  his  observatiunK  have  beenoon- 
firmed  by  tboee  of  Gecheidlen' and  Uuuk*.  In  the  urine,  Leared 
found  one  half  grain  in  16  ozs.,  or  Oil  grtn.  per  litre.  GKrhetdleo 
estimated  the  amount  at  0*02  i^m..  and  Munk  at  OCX  grm.  per  litre. 
Oscheidlen  believes  that  thesulphocyanic  acid  of  urine  iaderired  Grom 
the  blood,  into  which  it  passes,  by  absorption  from  the  saliva  by  the 
aliiiieutary  canal,  for  when  he  diverted  the  ciecretiou  from  the  alimca- 
tnry  canal  by  establishing  salivary'  fietulw  be  failed  to  detect  a 
mlphocj-amde  in  the  blood  and  urioc. 

Dr  Feowick  *,  who  has  paid  much  attention  to  the  Tariation  in  tbe 
amount  of  sulphocyantc  acid  in  the  sali^'a,  believes  that  the  salt  is  a 
product,  and  so  indirectly  affords  evidence,  of  the  nitrogenoiu  meta- 
bolism of  the  orguuiaiu,  and  that  it::t  uniount  dimiimhea,  under  con- 
ditions io  which  the  activity  of  the  nutritive  functions  is  dimiut^ihed. 
He  considers, though  on  evidence  which  is  iudirectand  unsatia&ctoir, 
that  the  sulphoc)-auic  acid  of  the  saliva  ts  genetically  related  to  the 
oi^ganic  sulphur  componnd  of  the  bile,  ao  opinion  wbicb  be  bases 
especially  ou  the  statement  that  whenever  tlie  bile  is  prevented  ftmi 
reflching  the  alimectary  canal,  the  sulphocyanide  of  the  a&liTa  dis- 
appearsL  It  appiars  ilesirable  that  the  statement  of  Fenvick  gfaouM 
Ik  controlled  by  observations  on  animals  in  which  biliary  fistolA  have 
been  successfully  established. 

trmuM  of  By  the  direct  addition  of  Xeesler's  reaeent,  tnew  of 

",1^*^    *■     ammonia  can  readily  be  detected  in  salira'. 

prMom  of  Accoriling  Vi  Potcr  Griefs*  saiiva  alw»s  co&t 

annuo      ta      nitrites  which  may  be  detixtvd  by  means  of  a  aoli 
••^''»-  of  mota-diamidobenaoL 


'  Iioand.  ■On  ihevewnce  ol  BolpbocraBMeo  In  (be  blood  oadnrina.' 
•^  IV  SmmI  Soeitn.  Vol  18  (UOOU  p.  lA. 

*  OMMtdba.  'V«fc«r  (U*  oonMaote  Vockonman   oumt    niiliiiilihijuiHiiWlISM 
n  Hhh  4w  SaoMthMn.'    Paas«t'i>  .t  -rftir.  Vol.  u  (1977),  pp.  Ml— 41i. 

■  T.  Uvak.  '  u«tar  du  Toritomi&eti  vos  Salfocympiimn  un  Ham  aad  thn  ^ osti- 
taiivKa  TnfciltaiM.'    Tinbaw^  Arckir. 

*  FM«iok.  Tkf  SaSvm  tu  a  tttt  far  fitmeticmtl  thMoritn  0/  UW  Lt»tr.    8n.  IdniML 
1389. 

■  SUlj.  Bcnnam'o  UarndbtieK  VoL  t.  Put  a.  p.  d. 

*  ?,  OiiMi,  Ba.d.4.  <htm.  Ot^tlL,  VoU  a.  p.  6ii. 
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Thu  Baliva  to  be  tested  is  diluted  with -five  times  its  volume  of 
water,  acidulated  with  aulphuric  acid,  iincl  then  treated  with  a  solu- 
tion of  the  reagent    An  intense  yellow  colour  is  produced.  Oriess 
'  has  by  this  colorimetric  method  eKtimated  t)ie  nitrous  acid  to  amount 
tf  between  1  and  10  milligrainmes  per  litre  of  saliva 

Tba    tun  The  gases  of  mixed  mliva  have  not  been  iuvesti- 

at  mix^  w-    g&t«d,  and  from  the  nature  of  the  fluid  they  doubtlesi 
"*•-  will  varj  considerably.    We  may  however  conclude  that 

they  will  not  sensibly  differ  in  composition  from  those  which  may  bo 
libtained  from  the  submaxillary  saliva. 

Rendu  o/ Qnantitalive  Analijscs  o/ Miaxd  Human  Saliva. 

The  following  analyses  exhibit  the  results  obtained  by  Frcrichs, 
Jacubowitacb,  and  Herter' : 

0)  l»)  IS) 

Frcnch«.  Jftcnbowiiaolk.  Herter. 

Wat«r  IQ  1000  ptiL 99410  99516  994-698 

Solids    6-90  4-84  5302 

Soluble  organic  mattem  ...       V42  1-34  3271 

Epithelium   2-13  r62  ? 

Fotwdum  Salpbo<cyaoat«        010  O'OO  ? 

Ido^Uc  Salts S-IO  1-»S  1031. 

The  following  are  the  results  of  analyses  of  the  ash  of  Saliva. 


JkcabowiiMh. 
la  1000  pwu  of  SftUn. 

iLcL 

Tot*l  Salts 182 

Fboaphoric  Acid 0511 

Sodium    0^4:*; 

OOS) 

m     001/ 

line  Chlorides...  084 


Dog. 
6-79 

082 

015 
5' 82 


EndeTlii]. 

Hnm&n  SkIItb. 
In  ion  ports  of  the  Amh. 

Soluble  SalW 92-3G7 

iDKoIuble   „    5-509 


Alkaline  Chlorides     ...  01-930 

Sodium  Phosphiit«s   ...  2H122 

,.       Sutpbuie  S'315 


I 


2.    Parotid  Saliva. 

Introductory  Ohtervation*. 

The  Parotid  gland,  as  has  already  been  stated,  is  the  type  of  a 
■o-caUed  serous  salivary  gland,  that  i»,  of  a  gland  whose  aeCTntory 
cells  are  comparatively  rich  in  proteid  mattern,  and  which  secretes 
«  watery  liquid,  <lestitute,  or  nearly  so,  of  mucin,  and  containing  a 
trace  of  a  soluble  albiiiniuojis  substftuce  in  solution. 

The  secretion  of  parotid  saliva  is  unquestionably  related  in  a 
peculiarly  close  mannirr  to  the  mechanical  movcmontaof  inasticatiou, 
■OB  is  proved  by  many  facts.  In  animals  with  parotid  fistulto,  the 
aecretton  trill  be  obserred  tn  How  whene%-er  the  muaclea  of  ma«Lica- 
tion  come  into  action,  and  the  quantity  Hecreted  is  closely  related  tu 

■  Ho[)tw-S«7]u,  PhytUilojUclu  Chttait,  p.  IHH. 
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the  degree  of  acttnty  of  thei^o  muacltiK.  Thus  if  c&anulse  be  tied  inui 
the  Stenonian  ducts  uf  a  nimiDttot.  it  will  be  observed  that  during 
mastication  of  tho  food,  which  in  those  nnimals  is  effected  alternately 
by  the  inolara  of  the  two  sides  of  the  jaws,  the  6ow  of  parotid  salin 
ftlteruatea  likewise,  being  aJways  more  abuodaut  on  the  side  on  which 
the  muscles  of  mastication  an:  more  active.  Agalu,  if  the  amount  of 
parotid  saliva  flowing  from  a  parotid  fiBtula  be  observed  lu  the  case  of 
a  horse  which  \^  im  lirst  upon  dry  alimoiits  such  as  oats,  requiring 
powf'rful  efforts  of  mastication,  ana  then  upon  soft  watery  food  Buch 
as  bran  jiiash,  the  aiiioiiut  of  the  salivary  ttuid  secreted  in  the  fine 
cane  will  be  very  much  greater  than  in  the  second. 

These  facts,  which  we  derive  from  the  researches  of  Claude 
Bernard,  e8tabli;<^h  clearly  enough  the  peculiarly  clo.se  retatiotisbip 
wliich  exists  between  the  parotid  secretion  and  the  mechomcju 
ujovemonts  of  iiicoiticatioii,  a  retaticiuship  the  existence  of  which  a 
also  bonic  out  by  the  fact  that  the  parotid  is  relatively  toore  highly 
developed  Jn  anrmalii,  such  as  niuiiuuutA,  in  which  the  process  of 
mastication  is  most  perfectly  performed,  and  loss  dercloped  in 
auiinaU,  like  caniivores,  in  which  the  food  is  swallowed  in  lar^ 
masse!).  In  iatimate  agreement  with  the  part  wliich  it  has  to  play 
in  moistening  the  aliraenta  which  are  to  be  subjected  to  the  procen 
of  mastication,  wo  find  the  parotid  saliva  to  be  lesa  viscid  and  more 
watery  tban  the  secretion  of  the  other  salivary  glands. 

TIiB  nerve  fihre,s  which  influence  the  secretion  of 
parotid  saliva  are  derived  (aj  from  the  sympathetic 
(fc)  from  the  glosso-pharyngeal  nerve,  though  the  course 
'*'"****'  which  the  latter  pursue  is  one  peculiarly  dcinoiUi 
viz.  through  its  tympanic  branch  or  nerve  of  Jacobsou,  to  the 
small  superficial  pt'tnssal,  thence  to  the  otic  ganglion',  and  from 
it  into  the  auriculo-tL-uipural  nerve,  of  which  branches  pass  into  thf 
parotid  gland.  Aecording  to  the  view  of  Huidonliain,  the  aeeretory 
^brcE*,  i.e.  those  which  inttuuncu  the  quantity  of  thesucretioa  by  par- 
ticularly influencing  the  amount  uf  water  which  the  gland  senamtes 
from  the  blood,  are  derived  from  the  gloeao-pharyn^al,  whilst  ibe 
trophic,  which  directly  influence  the  metabolism  of  the  secretory  cells, 
arc  containeil  in  the  sj'mpathetic  filamentfl  distributed  to  the  glaod. 
A  stimulation  of  Jncobson's  nerve  causes  in  the  dog  an  abuDdaat 
flow  of  water)'  saliva ;  a  stimulation  of  the  sympathetic  does  not 
apparently  in  the  dog  occasion  any  secretion,  but  it  increases  reiy 
notably  the  amount  of  solid  matter  contained  in  the  secretion  which 
flow*  on  simultaneous  stimulation  of  Jacobaon'a  nen-e.     In  the  cat 

■  Doobtn  long  fnnnkilad  iiit  to  the  nmucn  of  tlie  «eoivloi7  flbru  vliieh  i«acJ) 
puotid  ttinnif^h  the  otia  sanRlion.    Tlie  ojiiiiion  loug  prcniled  Ifaat  ttwK  weM  derf 

throURb  the  tnuiU  tvptrJIHai  petmtal  n.  iroiu  the  Tth,  bet  Ibe  caretdl  cxperioteDl 

Bckbard  and  H«[(leiitaaiii  have  sbewn  thai  whilal  lutntoraiiial  stimuJatlon  of  the  7lh  li 
D«TU  followed  by  a  flow  of  jpatutiil  ealiva,  tUis  reault  in  aJwars  obtdiaiid  whra  Jac«b> 
MMi's  lunre  u  Mimulftted.  We  muai  Uusrefoie  perforce  abandon  Utt  Boductiva  lk«oi;r 
tliat  tlw  7Ui  n«rr«  Bu]>plie«i  (he  at«ntoiy  filamcnla  lo  all  tbc  aalirarr  clandu,  asd  admit 
tluit  lh«  nuJol}^  amaoij  gU)ai»-p)iaT7ngcal  aharei  thete  function*. 


Tbe  nervga 
wUoli  liLfln.- 
«iu«ULipKro> 


Moda  of  ob- 
Ulstac      pnn 
PWUd 
uUn. 

iBMrtleo  cf 
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ItuurtloB  of 
*.  CTtnimU  lato 
Um    puoOd 
duet    «f     tk* 


and   rabbit  Ktitnulation   of  th«  synipnthctic  causes  secretiou,  very 
much  as  in  the  case  of  ihc  submaxillary  glaud  ^ 

In  man  the  parotid  saliva  may  be  collected  by 
inserting  a  tube  through  the  mouth  into  tJie  duct  (^ 
StCDo*.  Td  the  lower  animnls  by  exposing  the  duct 
and  tying  a  silver  cannula  into  the  duct. 

"Ab  it  is  hardly  pomiblB  to  uiaert  a  tannida  into  one's 
own  parotid  diifit,  a  second  porson  moat  be  «siploy«<I,  vrho 

tihoulU  Ml  oi>posite  »  gw>d  liglit ^e  method  is 

ns  follows :  Dnw  un«  ungle  of  ttie  month  outwards  and 
tnrwanis  su  ss  to  stretch  tlie  cheeb.  Op|)08it«  the  second  molar  tooth  of 
the-  upper  Jaw  tEi«  siuidl  pupilla  iti  scuu  uLich  luftrks  th«oriliceof  Steiuwn'ii 
dact  Ittwert  tlie  cannulA  and  hold  it  steadily  hut  can^fidly  in  its  place, 
then  H  third  pt-rBOii  iiiay  hlow  into  the  month  somv  vapour  of  ether,  or 
introduce  a  little  diluted  tinctum  of  pyrethruru*." 

In  a  deeply  anaesthetized  animal,  the  hair  is  clipptnl 
"  from  tlte  chi-ck  l>ctvre«ii  tho  orbit  and  thf  angle  of  tlie 
mouth.  On  ranniRs  the  flsffer  along  tho  lower  border  of 
the  ^gomatic  arch  from  hehind  forwards,  its  anterior  and 
infeiior  root  is  felt  at  it*  iiu^rtion  into  the  superior  maxillit. 
(onning  an  oreh  of  which  thn  convexity  is  dinretMl  hockwardit.  At  the  end 
of  this  arch,  between  it«  insertion  into  the  maxillary  bone  and  the  alveolus 
of  tbe  aecood  molar  tooth,  a  little  depreanon  is  felt.  Exactly  on  a  level 
vith  this  depreRBioo,  and  is  a  line  with  the  insertion  of  the  eygomatte 
arch,  make  an  iDcision  through  the  akin,  cutting  obliqni^ly  in  a  directum 
from  the  inner  canthus  of  the  eye  towarda  the  angle  of  the  mouth. 

"On  dii-iding  the  aabcntatwouii  cellular  tismo,  the  faeial  vein  and 
•rlery,  a  nerve  and  the  [arotid  duct  will  be  fbuDd  all  tosetber.  The  duct 
Itea  men!  deeply  and  mu  from  behind  fbrwarda,  while  Uie  artery  with  iu 
aevompanying  rva  pum  from  above  downward. 

"  It  is  of  a  pcariy  wbtle  oolour.  Isolate  it  and  divide  tt  as  n«ar  the 
month  a«  pomble;.  The  weond  mnet  be  doaed  roood  the  duet,  and  the 
duct  secured  in  it  byambue,  jnataatntbeoaeol  theiolimanltaiy  gland*." 

Phynasl  ami  Chtmical  Charactern  of  Ifornud  Panrtitl  Bativa. 

njtftti  Parotid  saliva  uf  man  is  a  cl«rar.  traospaient,  ooii- 

Aaraet^n   of   viscid  liquid.  poMCflKd  of  ao  alkaline  reaction',  except 

■■"**  at  the  venr  commenceiDent  of  ita  flow,  when  its  reac- 

"""'^  tion  nuty  be  faintly  add.    1m  «pecific  gravity  raric* 

■  Laagb;  feoad  {Jwmnat  if  PtifMakim.  Tot.  i.  laW,  n,  120)  ibat  for  a  time  alter 
Ibe  faiMkl  o(  tte  dec  taM  ban  sKimc,  Akw  MAtxIjr  av  br  "tiiBulMlaa  of /acobaon'i 
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between    1003  and    1006,  or  nccordiDg  to    Hoppe^eyler   between 
1006'1  nnd  10088.     It  cont«n»  no  formed  elements. 


duuscten. 


Parotid    snlira  cODtainB  as  a  nile  no  mucin, 
amall  iguautitiea  of  soluble  albuimnoiu  bodies ;  it  i* 
ihurefore  partly  coagulabW  by  heat  and  by  mineral  acids.    In  the  dog 


it  sometimeit,  however,  contains  muciD.  According  t«  KUhii«  thero  is 
evidence  that  the  protuids  consist  uf  a  globuHn-liko  body,  of  an 
nlkalioe  albuminate  and  albumin'. 

The  parotid  saliva  of  the  lower  a-nimals  iimially  givcti  with  ferric 
chloride  a  white  precipitate  containing  proteids  ;  that  of  man  on  the 
ocber  hand  usually  displays  the  sulphocyanide  reaction. 

Parotid  saliva  when  exposed  to  the  air  either  deposits  a  slight 
sediment  of  calcium  carbooate,  or  becom<^  covered  with  a  pellide 
conxiiiting  of  amorphous  or  crystallioe  caldnm  carbonate. 

Stimulation  of  Jacobson's  uervo  (tympanic  braocb 
of  glossopharyageal)  as  already  stated  at  p.  22>  occa- 
siima  a  flow  of  watery  saliva  rich  in  .salts  anJ  poor  in 
proteids.  lo  the  majority  of  cases  stimulation  of  the 
sympathetic  fibre.s  going  to  the  parotid  in  the  dog  does 
bot  produce  any  flow  of  uiliva  ;  if,  however,  this  stimu- 
lation be  superadded  to  that  of  Jacobson's  nerve,  there 
is  a  marktKl  increase  in  the  amount  of  »olid  matter  and  especially  of 
the  cffganic  solid  matter  excreted*.  This  atatemc-nt  rfists  upon  such 
obwmtioos  m  those  of  which  the  results  arc  subjoined. 

CX)MP0SIT10N  OF  PAHOTUJ  S.VUVA  OBTAISEI)  BY  STIMULATION  OP 
JACOBSOS'8  NEBVE  WITB  AND  WITIIOUT  SIMULTANEOUS  STlilULA- 
TIOS  OF  THE  SyUPATHETIC.     (HEliJENUAlN '.) 

InlOOp4rM. 


OropMltleB 

or  tamu  u- 

an    obuiBtd 
bgr  «tUDtilauea 
or  tTnpaUkctlti 
tad    (loBH- 
pbuTiifaa] 
OMttWWd. 


p 

ToUU 
iolidi. 

Balta. 

Oraiuiic 
BctldB. 

I. 

Stimulation  of  Jacolison's  nerve  wit/ioiU 
stimulation  of  sympathetic 

0-S6 

0-31 

0-24 

2_ 

ij 

«iVA 

2-43 

0-36 

2-06 

3] 

If 

ioitAaut 

103 

0-26 

0'T8 

4. 

H 

tcitA 

1-74 

0'32 

1-4L 

B. 

*> 

wMout 

0-57 

0-36 

0-21 

6. 

rt 

with 

0-64 

0-20 

038 

I, 

n 

f» 

mtMaut 

0-49 

0-32 

0-I6 

3.      SUBUAXILLAKY   SaUTA. 
Fntroducturif  Obsertatums. 

The  submaxillar)'  gland  in  most  animals  is  typically  a  mticons 
glaod,  aod  ita  secretion  is  characterized  by  viscidity  due  to  Lhu 
preseaoo  of  mucin. 

The  BubmojulUry  ^Uad  is  relotively  more  bigbly  developed  in 
carnivorous  tbao  herbivorous  animals.      Claude  Bernard  stmght  to 

iblish  the  epocially  close  cooncctioa  between  the  submaxillary 

<  Kahoc.  tehrbofh.  p.  11. 

*  Hcidenlinia.  '  Murpholo(;Uetu  TwindernngeB  Aet  Dribea  wUumd  ^«r  Tbaiig- 
kclt.'  HfTTuniin'a  UittuBiiteli.  VoL  v.  (18S0).  Pari  i  p.  til. 

'  II«id*iiLiun,  '  BvKitthuni^  dcr  HaluQmipMtiuciui  xur  Parotil  balm  Ouode.' 
8enii&ni>'>  //'uulbich,  Vol.  t.  pp.  6i  and  U. 
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saliva  and  gustation,  anfl  called  attention  to  the  fact  that  whilnt  the 
parotid  CDtcra  into  activity  during  the  mcchaiiicut  inovomeuts  of 
mastication,  the  submaxillary  gland  is  not  affected  by  them;  whilst 
on  thu  other  hand  the  utimulaliou  uf  tbc  isenson*  nervirs  of  tlw 
mouth  or,  in  some  coaes,  the  auticipatiuu  of  food  lead  to  a  flow  of 
submaxillary  saliva.  There  cau  be  no  queetiou,  however,  that  tbt 
parotid  likewise  is  affpcted  reflexly  by  stimulation  of  the  ner*'e«  of 
taste  and  directly  by  ideas  associated  with  food. 

Tbe   nvTH  "^tc  cerebral  Bbrue  for  tlie  subiiiaxillar>'  gland  are 

wwoh  laflB-  contained  iu  the  chorda  tyinpaui,  a  branch  of  the  facial 
«Bc»  the  Bub-  norve.  It  also  receives  fibres  from  the  sympaLhetic. 
"'^J'*^    "^  The    former  according  lo  Heidenhain's  theory  are 

"^  niaiuly  eecretory,  and  the  latter  mainly  trophic  (nicla- 

bolic),  but  there  is  some  doubt  (Lnngley)  whether  the  difference 
observed  bc:twec;ti  them  may  not  be  due  to  the  concurrent  difference 
iu  the  blood  supply. 

Hoda  at  9b-  1*1  man,  the  eubmasiUnr)'  .taliva  may  be  collected 

taliLlttt  tvib-  by  introducing  a  silver  cannula  into  the  entrance  of 
»»**i*'*^  Wharton's  duct  in  the  mouth ;  in  the  lower  animals, 

"■""■  especially  the  Jog,  by  cutting-dowu  upon  the  duct  and 

tying  a  silver  caimuU  iuto  it. 
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Fig.  1.  M,  KtAvnat  portion  at  the  itlsaatrlo  mitiicle.  of  whicb  tlie  puatatior  ponkiB 
hv  bifn  rmticivn).  aihI  tbf  tiUacliiiit^t  to  the  lempurnl  bon^  uat  Uirouiin  at  .V.  Q,  Mb- 
toaxillai}'  Klnnil  raincil  Iij  niiuinn  of  a  hook  ho  M  to  ehevr  i(«  deep  Burboo.  fr,  dactt  kA 
tbe  nubGiaxilUrv  iu>d  nublingual  diiota;  tbe  (onuer  wmj  b«  tntoM  back  to  ita  gluid.  3, 
trunli  of  thn  oxUmaL  {UftiiUr  v^in.  ■)',  n  Imoeh  at  Uie  extaniKl  Juf!olftr  vitin  pAanag  U> 
tbebMtk  of  tha  ftlAnd.  .i".  n  iirARnh  a(  tba  jiiguUr  paaaing  t<>  the  front  of  dM  ^uii 
cat  BoroM-  D,  a  r«aaiit  tniok  imiiiiiiu  from  tho  njlnnnxilliu?  uUnd  And  joLmng  du 
extcrnfii  InKDlu"  tein-  (,  X\  ettfmnl  mrotiil  arUiij  kcconjiiittiieii  l,v  two  uunonU  ol 
the  tfympathotlc  ootvc.     >',  origin  of  tho  infcriot  nxvrxy  nf  the  (clud.     f,  bjrpcf 
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glouA]  DMT*.  L,  fcattuaty  or  linffiiAl  nami,  hridfting  over  tlie  Mlfvftt^  doeu  H.  Ua 
ruttng  th«  iitotr  border  of  the  diridrd  myla-hvntd  tiiunoloii  .^.  S',  tho  lingual  utrw 
ftujMlnMd  Dp  find  tbeohanlft  tyin|iftiii  non-o.'r.  nui.v  bv  nwa  (luwinii  awn;  from  th» 
liDCiul  lomuDR  ■  oTirre.  of  vlildli  the  coni-^xity  lookf  dotrnwaidn.  Tlie  nenre  u  ncn 
nmniiig  lowsrds  the  liilus  or  the  Kl^nd,  toI1owh)K'  n  parallel  caarec  abo>'e  the  nib- 
iDudlUi?  duel.  V,  luaniwtvr  uiimolti.  H,  iiotnt  oi  atigiu  ot  Iba  luylo-hj'Did  aant,  of 
vbi«b  the  fiUwcate  ue  bidden  bj-  thu  nvulukl  digMtcii;  hu<1  tajrlo-hyoid  muKlos. 

Phy$ical  and  Chemical  Characters  of  N^ormal  Submaxitlafi/  S<divtu 

tua     sub-  Like  the  glaiut  which  secretes  it,  the  nalivn  of  the 

mirillarr  m-  submaxillary  glainJ  is  characterised  bv  the  presence  of 
UTftotman.  mucin,  which  impart*  to  it  some  viscosity.  In  man 
this  saliva  U  more  fluid  than  iu  the  doe;  it  acquires  lucreascit 
viscidity  some  time  after  its  secretion.  It  possesses  an  alkaline 
reaction,  aod  hao  a  specific  graWty  which  varies  between  1002  nod 
1003;  it  eoutaius  from  S  to  4  purLs  per  1000  of  solid  lualltTS,  of 
which  thf!  mofit  abundant  is  mucin,  though  traces  of  proLeidK  am) 
diastalic  ferment  »i'e  sxlmt  present.  Iu  r<.>fer«?iice  to  the  latter  it 
may  be  said  tli«t  in  most  animals  whose  saliva  possesses  dinetntic 
proporties  the  submaxillary  saliva  is  more  active  than  the  parotid. 

iSlieo  exposed  to  air  it  deposits  fioecidi.  Accordiug  t^  Eckh&rd 
it  ooutains  uo  »iulphoeyaiiic  acid,  but  recent  authors  agrcQ  in  stating 
that  though  this  constituent  ii;  present  iu  much  smaller  <iuiuititie» 
than  in  the  secretion  of  the  parulid  it  is  not  altogether  absent'. 

sntoiAzu.  Id  the  dog  the  submaxillary  sntiva  has  been  sub- 

IMT  »4U™  jected  to  vtry  thorough  investigation  under  the  moat 
fl*  tb*  doK.  diverse  circumstauces.  The  aeeretion  is  iu  this  animal 
more  viscid  than  in  man;  it  dues  not  contain  diastatic  ferment. 

Tbt  mult*  The  most  recent  aod  most  complete  analyses  of  the 
ofqtuattutlTa  normal  stibiuaxillaiy  .saliva  nf  the  dog  have  been  per- 
*"*»~^  formed  by  Herter'.  and  the  results  are  stated  in  the 

following  table. 

OOHPOSniON   OF  NORMAL  SUBMA.\ILIi&BY   SALIVA  OF  THE   DOO, 

{HEBTBB.] 


I. 

[|. 

[II. 

IV. 

Water 

Solid  itinttcTN 

Organic  in«lt«i-e 
Uucia  oODtuiiied  iu  o.nt. 
Inorganic  tialtfi,  boIuIiIr 

„              insolublu 
00,  in  a  stati-  of  chcmicNl 
coiulii  nation 

994-389 
0-616 

i-7e& 

0-S62 
0-263 
0-440 

991-969 
9-031 

0-504 

995-ilI 
4-589 

0'6S4 

991-319 

8-681 

3-604 
5-209 
M23 

■  Convnlt  Maljr,  'Cbemie  dei  VrrdKunngmAfto  tinJ  VordAuun^.'    Henuaau'a  Hand- 
luth.  Vol.  f,  p.  18.  »  Uoppo.8«ykt'»  PhifiototiiMeht  fh^mit,  Port  II.  f.  Wt. 
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Analyses  I.  and  ITT.  were  of  saliva  obtaiDed  by  stimuUtiiig  the 
mouth  with  viuegaj-;  II.  of  saliva  wliich  flovred  spontoueously  imme- 
diately aft«r  ifae  iiatula  had  beeo  csUblJshed,  aQd  IV.  of  saliva  poured 
out  during  mosbication. 

inorsaBic  Ttie  soluble  salts  conMst  msinlj  of  sndiiim  cliloride 

«jto  of  ni>'     gmj  aodiutn  carbonate;   the  insoluble,  of  calcium  car- 
,^j^  bonate  and  phosphate. 


CharacUr8  of  SiihmaxUlarti  Salivn  secreted  on  stimulation  o/the 
Chorda  Tympiuii. 

When  the  chordR  tj'mpnni  is  efcimulftted  there  is  obtiuned  »a 
abiindant  Bow  of  submaxillary  sa.liva  possessing  ita  nonuKi  Jluidtty. 
At  the  aa.me  time  there  occur  changes  in  the  cireulution  in  the  gland 
which  do  not  speciidly  concern  us,  and  a  rise  in  temperature  which 
may  according  to  Lndu-ig's  deterinitiation  amount  to  l''5C.  This 
seci'etion  on  stimulation  of  the  chorda  may  be  provoked  even  when 
the  circulation  has  cetified  ;  for  example,  in  the  gland  of  a  decapitated 
bead.  Heideuhuin  has  shewn  that,  although  Vhorda-saliva  is,  as 
was  before  known,  poor  in  organic  solids  as  compared  with  the  uUiva 
which  Hows  on  stimulatiun  uf  thu  xympathetic  BlamciitA,  yet  the 
secretiuu  varies  with  the  iiiteu&itv  of  tliu  stimulus 


tnSnenoa  at 
iBUnaltr  of 
lUmulai  oa 
unauit  ftf  B«- 
entloa  ui4 
OB  organte 
aed  (BUn« 
ooottltiio&ti. 


The  amount  of  saliva  secreted  augmeuts  perceptibly 
us  the  atiniulatioD  of  the  choixla  increases  in  iotensity. 
At  the  aamc  time,  the  salts  of  the  Haliva  lucrcaso  ^'cry 
materialty,  until  their  proportion  attains  (hS — 0-6  p.  a 
The  proportioQ  of  salts  always  increoftos  with  iitt 
proportion  of  w.iter  secreted.  TIiIh  result  is  obtained 
whatever  the  time  at  which  the  stimulatioo  has  beeo 
cx)mnienced.  even  if  secretion  ha'^  been  going  on  for  hours. 
Langley  and  Fletcher  from  on  extended  investigation  on  the  sub- 
ject have  ai'rive-d  at  the  conclusion  that  '  the  secretion  of  organic 
mibttance  dejyendt  wholly,  or  alutont  wlu/lhj,  upon  the  strength  of  ti>4 
stimiUus.  whilst  the  sevretion  vf  water  and  if  salts  dejjends  alto  upon 
Vu  amount  of  Uoftd  flomnff  thrungk  the  gland*.' 

A&  the  amount  of  organic  coii!«ti tuentH  secreted  in  the  ftalivs 
depends  intimately  upon  the  store  of  matters  which  the  secretiug 
cells  contain,  it  follows  timt  the  amount  of  organic  matters  secr^ied 
upon  stimuUitiou  will  depend  very  greatly  upon  the  work  whtd) 
the  gland  has  previously  done. 

If  the  chorda  tympani  be  stimulated  when  the  submaxillary 
glaud  has  been  in  repose,  it  ii^  noticed  that  uu  incrcaaiog  the 
strength  of  the  stimulus  there  is  increaso  not  only  in  the  amount 


'  J.  N.  IjkDf!l«T  fltid  H.  M.  FJculiei,  'On  Ibv  8eeretioa  of  S&lirt,  abiefljr  on  Ilia 
SMTVtion  of  8&IU  m  it.'     PhiL  TraiiMicl.  Vol.  ISO  (1HU9),  B,  p.  ISS. 
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Th<>  abuvti  most  inLe<re»tiiig  fncts  arc  cicplainod  by  tbc  hj'poihesi^ 
of  Heklenhaio,  that  the  chorda  tyiiipaui  cuntuiiis  botli  sfcretoiy 
fibres — that  ia  tibres  which  intlueucc  ihe  proportion  of  water  and  of 
salts  secreted — ami  trophic  (metabolic)  fibres,  which  loflueDce  tbe 
discharge  of  orgnnic  constituents  from  the  secreting  cell ;  further, 
that  the  lattt;r  at-t  of  JibrCH  reritiint  a  more  powerful  stimtiliis  to  excite 
them  thau  the  farmer;  and  lastly,  that  even  thuugh  the  Bt:imii]ii.s  be 
strong,  if  there  be  not  a  supply  of  available  matter  iu  the  gland  cell 
llie  stimulation  of  the  metabolic  6brefl  must  remain  without  cfToct. 

The  influence  of  fatigne  in  decreasing  the  solidii.  but  purticularly 
the  organic  solids,  discharged  by  the  submaxillary  gland,  on  fitinmls- 
tioii  of  the  chorda  tytapaiii,  liad  already  been  shewn  vL-ry  cnDclusindy 
by  the  much  earlier  experiiueuts  by  Ludwig  and  Beckwr',  as  may  ba 
sccu  by  gliuiciug  at  the  eubjoincd  statement  in  which  the  tiumii 
1.  2,  .1  aud  i  m  the  6i-rit  column  indicate  the  order  in  which  tfaei 
pies  wete  obtained. 

TABI<E    SHEWING    DECREASE    OF    SOLIDS    W    SUJJMASILL.Uty    RAUVA 

OF   DOO  ON  CONTINUED  STIMULAXION  OF  THE   CBOBTi  TniPANL 

(LUDWIO   AND  BEOEEn.) 


Number  of 

Qaantttj  of 
wlivft  ill 
gftmaam. 

Orcnnlo 

Inorn&nlc 
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WIBpltk 

lenidue. 

reiudtie. 

roHidue. 

1 

5-188 

M2 

0-Gl 

173 

2 

13-8 1 2 

107 

0-Bl 

1'6S 

3 

um 

■93 

0-67 
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In  the  above  experiment  a  dccreoiso  of  the  organic  matters  of 
the  ftaliva  under  continued  stimulation  is  observed  ;  in  a  subsequent 
experiment  by  the  same  authors,  it  was  found  that  the  mincnd  or 
inorganic  coiistitiients  of  the  saliva  exhibited  almost  as  remarkable  a 
diminution,  falling  from  0-75  per  cent,  to  U'+S. 

Characters  of  subimixiUaiy  saliva  stcflted  on  stimulation  of  tlie 
C'ei'vical  Stfrnpaffiietic. 

Stimulstimi  of  the  cervical  sympathetic,  or  of  the  filaments 
priKuediug  from  this  nerve  to  the  submaxillary  gland,  leads  in  tbe 
dog  to  a  verj-  scanty  secretion  of  alkaline,  very  visad  and  extremfiljr 
thick  sahva,  containing  a  largo  quantity  of  s«^lid  matter,  cliie6y 
niacin.  Whilst  the  .specific  gravity  of  subraaxilhuy  saliva  of  the  dog, 
accreted  under  the  influence  of  stimulation  of  the  lingtml  nerve,  waa 


<  LodiriB  and  Bwker,  XdlKhn/i  f.  rat.  .Vtil.N.  P.  I  (1661).  p.  tT8. 
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found  by  Eclchanl  to  be  10046.  that  dowiug  od  gtimulatioD  of  the 
sympathetic  bad  a  specific  gravity  of  I0]5'6.  Tbo  amount  of  solid 
DUitter  in  the  nympnthetic  saliva  of  the  dog  wa«  fouud  by  Edchunl* 
to  be  2'7  per  cent.,  by  Heidenbain  sometimes  to  be  as  much  as 
3  74  and  ^'H6  per  cent.  Chi  long -continued  stimulation,  HeideDhnin 
found  that  the  solid  mattei-s  decreased  so  that  the  saliva"  acnuired 
the  characters  of  that  secreted  under  the  infiueuce  of  atimumtion 
of  the  chorda  tympani.  This  is  in  Accordance  with  the  facts  given 
above  vfith  regiutl  to  the  gradual  exhauetiou  of  the  mesostiitc  of  the 
glaod-cells. 

Lsngley  baa  shewn  that  the  «ffiicts  of  stimulating  the 
ohonln  tympani  ani  sympathetic  of  the  cat  are  (Uffcrcnt 
from  thoao  ohitcrvvd  in  the  case  of  the  dag.  Iti  thn  cat, 
synipathpiic  saliva  is  ill  most  caxttt  lens  viscid  tbitn  the 
chorda  talivo.  Moreover  whilst  atropin  paralyHeft  the  cborda 

KcretioQ  in  the  dog,  Imnn;;  bhu  Hjmpatlicliv  »t<ci'etion  uiialtt^rcil,  bi  the 

cat  it  paralj^Hea  the  Bnnpathetic  secretion  as  well  as  that  of  the  chorda*. 

From  this  it  would  app<.'Ar  that  relatively  more  secretory  libres  run  by 

the  sytupBtbctic  in  thu  cat  than  in  the  dog. 

The  following  unalyscH  shew  the  uaiiuj  didcrcncu  in  percentage  com^ 
litioR  betwet^n  ohonla-  and  ay mpnthetic- saliva  in  the  cat  (Langley"). 
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I  Eckhaid.  *D*bcTdienDl£mlu«de  jes  TiiicemiDas-  unci  SympallilcafqwiaLdiiUr 
Uotetkicfadrflss  des  Uiindes.'    Beltr/lft  tar  Anal.  u.  Pttyt.,  Vol.  il  p.  :IUS. 

'  Heidaahain.  *  Phyuologie  der  AMowlaniiiKivorKKnie.*  Bemunn's  Hawtbueh, 
Vol  T.  Pkrl  L  p.  48. 

'  Laugltft  'On  iht  Pbjdo\vgy  of  tbo  Salifar;  Seorvttoa.  Tut  i.  Tbc  influonoc  at 
tb«  Chorda  Tjmpuil  and  HjmpaiIi*tio  Notvm  u|>od  the  *c«rotio4i  a(  tbe  tab-maxiUaij 
gUod  ol  th«  tM?    JouiiMl  o/Ptn/tiohftt,  Vol.  i.  (IBTB),  p.  90  *t «m. 

*  Imo^j,  '  On  tha  FhymHofff  of  toe  Solivaty  SacratioB.'  Part  at.  Jomiuil  </ 
PhgtUlogf,  Vol.  VI.  p.  93. 
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Chaixid&rs  of  ao-called  '  Paralt^'  Submaxillary  Saliva. — 
'Antiliftus'  MCretion. 

It  was  pointed  out  by  Claude  Bernard'  that  after  the  dc 
influCDcc  bful  bc-cu  ciit  uff  frum  tiiu  aubinaxillary  gland,  a  very ' 
saliva  U  cvutiuucuslj'  poured  out.   This  so-called  '  paralytic '  secrettoci 
occurs  if  the  chonla  tympani  alone  has  been  divided. 

Heidenhain'  in  a  most  interesting  invetitigation  on  thU  aabject 
discovered  tlie  vory  remarkable  fact  that  when  the  chonla  tyiiipauj  is 
divided  there  follows  a  continuous  secrctioD  from  both  subuiaxilfarr 

S lands,  although  the  secretion  is  more  aUuudaDt  ou  the  (iide  on  vrhick 
le  sectioD  has  b^en  made.  WliiUt  th«  tenu  '  paralytic '  may  be 
applied  to  the  secretion  flovring  from  tbe  gland  whose  coaQOxion  wiUi 
the  nen'e  centres  bus  been  severei),  we  may  in  accordance  with 
Langley's  suggestion'  call  the  secretion  which  is  set  up  on  the 
opiKwite  side  of  the  body  the  anti'pai-al^ftie  or  'antihjtic  '  secreiion. 

Laugley'fl  reeearcbea,  which  have  corroborated  and  extended  our 
koowledge  of  the  facts  discovered  by  tTeidenhun,  seem  to  render  it 
cortain  that  the  flow  of  saliva — both  j>ujalytie  and  antilytic — which 
follows  section  of  tbe  chorda  tyinpaui  uti  one  side,  is  primarilv  due 
to  a  change  set  up  in  the  secretory'  centres  which  are  situated  m  the 
brain  and  whicli  result  in  ii  continuous  stimulation  of  both  glands,  th« 
Stimuli,  in  the  case  of  the  paralytic  tlow.  travelUug  along  eynipatlietic 
fibres,  whilst  in  the  case  of  tbe  antilytic  secretion  they  presumably 
pursue  both  courses  open  to  them.  The  change  in  the  nerve  eentree 
brought  about  by  section  of  the  chorda  appears  to  be  of  the  nature  of 
an  increase  of  their  excitability ;  this  is  supported  by  the  fact  that  tD 
the  altered  condition  induced  by  nerve  st-ction.  a  state  of  dys- 
pQcea  ittducea  an  increase  in  the  How  of  saliva  not  observed  when 
the  nen'es  are  intact, 

Tho  fact,  bowcvcr,  that  a  paralytic  secretion  persists  even  aft«r 
the  submaxillan-  gland  has  been  entirely  severed  from  its  connection 
with  the  central  nervous  system  iiegativest  the  idea  that  the  eecretioo 
is  entirely  dcpL-ndcut  upon  it,  and  the  hypotlesia  which  has  been 
framed  in  order  to  accouut  for  the  facte  is  that  tbe  paralytic  secretion, 
in  its  later  fitagcs,  depends  u\M\i  un  excitation  of  the  local  nerve 
centres  situated  in  the  gland  itself. 

The  hypoibesis  is  supported  by  tlia  fact  discovered  by  Vnlptan' 
that  pilocarpin  causes  a  secretion  from  the  submaxillaiy  gland  four- 
teen days  after  section  of  the  chorda  and  sympathetic  uor^'esy  as 
well  as  that  apnam,  dyspnom  and  anip-ithetics   alTcct  the  secretlcMi 

■  Il«nitird,  JMint.ll  de.  rAnaitmit  tt  de  la  I'hj/riologh.  Vol.  t.  (I861I,  p.  £07. 

I  Hei<l«xihun,  'Bvilriif^  tot  htixK  vou  diit  tipdakel8«ontioD.'  StiilifH  it*  fhft. 
InitituU  IV  Dretlaii.  H«ri  it.  (18^4).  |i.  7S. 

'  J.  N.  L«n«ley,  'On  llio  l'lij»io!un.T  of  llio  BHliiftrr  Socnttion.'  fait  m.  'Tbo 
TarklTtic  f^eorelioQ  of  SuliTk.'    Journal  of  I'hyiiahgji,  Vol.  tl  p.  71. 

•  Vutpiui,  CoKipU*  KtnJiu,  T.  37  {l^79\,  p.  329. 
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iu  a  maoDer  vrhich  is  only  intelligible  hy  assuming  that  theee  act 
through  a  nerve  centre. 

Langley  has  foutiil  that  '  injection  of  dilute  salt 
imj^T  duntg  ^'"^ion  ID  modcrfltc  quaiitity  lucreawja  the  mtc  of 
Mib  uiuugn  *ecreticn  of  saliva  with  a  given  stimulus,  the  perceat- 
lau  SM  bisod.  V«  of  saltB  in  the  Boliva  risiag  nearly  normaUy ;  and 
that  injection  of  dilute  nail  sulutiuu  in  larger  (Quantity 
increaaea  further  the  salivary  secretion  with  a  given  stimulus,  but  in 
this  saliva  the  percentage  of  salts  rises  much  less  than  Rorntally,  and 
may  even  fall'. 

Ein«t  of  ta< 
Jacimc    Into 
Uw     blood    a 
s  par  mat. 

MlnUon   of 


Lan^Eey  investigating  the  action  produced  vhen  a 
vreak  solution  of  sodium  carbonate  is  introduced  into 
the  blood,  arrived  at  the  conclusion  that '  the  injection 
considerably  increaaes  the  rate  of  secretion  ubtaiued  by 
a  stimulation  of  given  strength  of  the  chorda  tyrapani  , 
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According  to  Hcidenhain*,  the  sublingual  paliva  of  the  dog  forms 
&  visoous  mass  to  which  the  term  fluid  can  sc»-rcely  be  applied,  and 
which  beara  a  resemblance  to  frug'a  span^n.  Sublingual  salua  is  free 
from  all  turbidity,  being  perfectly  transparent  and  clear.  It  gene* 
rally  amtains  a  large  number  of  amoeboid  corpusvlcs.  The  '  para- 
lytic '  saliva  of  the  sublingual  gland  is  about  ax  viscous  lu  tlm  normal 
CDorda-saiiva,  and,  therefore,  very  diit'crcnt  in  cbarsct«r  from  paralytic 
sabmaxillary  saliva. 

"The  very  vuooiiii  couditiou  of  sublingual  mliva  is  tho  remlb  of  a 
kind  of  'cluUing'  of  the  !>aJiva.  Wlidn  ihe  clionlu  tympani  Is  stimulaMd 
in  a  dog,  the  snbUnguaJ  salivft  obtained  is  usually  not  especially  thick,  but 
in  a  short  lime  it  tunm  to  a  jelly,  and  a  littl«  ckar  w&tcry  fluid  may  be 

CmI  out.     When  tli«  'jelly'  ut  oKutiiiwl  from  the  duct,  it  is  proWbly 
use  the  saliva,  has  clotted  there  (Laugioy  *)." 

The  only  analyses  of  sublingual  saliva  with  which  the  author  is 
actiiiainted  are  four  made  by  Werther  and  a  single  one  by  Langley 
and  Fletcher.  Werther,  as  the  rt>mi]t  of  a  research  undertaken  under 
the  directioQ  of  Heidenhain,  has  drawn  attention  to  the  remark- 
ably interesting  fact  that  the  extmordiuary  viscidity  of  sublingual  as 
contrasted  with  submaxilliiry  saliva  does  uot  depend,  as  hud  been 
sanntsed,oa  its  cunttuuiug  a  much  larger  proportion  of  organic  solids 
and  especially  of  mucin,  fur  the  umuuut  of  water  iu  Kuhlinguul  saliva 

1  J.  K.  LuiRlejr  ud  H,  M.  Fbtohsr.  'On  llu  Bwirctloo  of  Bsliva.    Chidiv  ea  the 
•aarMiOD  of  mite  in  il.'    PhiloMphieat  rrniuaetlouf.  Vol.  IM)  (1889)  B.  ff.  100— IU. 

8wp.  isa 

■  J.  N.  Lancler  sod  B.  M.  Pleloher.  Op.  Hi.  p.  IU. 

'  H«<lenlialii,  Strndim  dn  phyriol.  Inttituu  tit  BrtdUtu. 
*  Priv«tdij  oommunicwtcd  tv  thv  nuthcr. 
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6uctuates  approxiuiat«Iy  between  tlie  same  limits  as  in  the  case  of 
tbo  submaxillar}'  eccrctioL,  and  the  proportion  of  organic  oonstituebU 
in  thf  fumicr  i»  appreciattly  less  than  in  the  latter.  The  cause  of 
the  greater  viscidity  of  the  sublingual  saliva  is  believed  bj  Werth« 
to  be  'lis  Qeutrsl  or  barely  alkalloe  reaction,  carbonate  of  soda  oot 
occurring  in  determinable  qtiantitv  amongst  its  miocnl  ooo8titDent& 
The  viscidity  of  solutions  of  mucm  is  known  to  be  connected  with. 
or  to  depend  upon,  the  nlknlics  wbicb  they  contain,  for  if  these  be 
neutralised  the  solutions  becoiin;  more  and  more  difllueut  until  the 
point  at  which  excess  of  acid  precipitates  mudu.  Whilst  the  oiganic 
tnattora  arc  in  small  amount,  the  proportion  of  other  salts  and 
especially  of  ^'aCl  in  sublingual  is  much  larger  than  in  subotasillaiy 
saliva,  whilst  the  amount  of  sodium  chloride  iu  the  blood  amount*, 
according  to  Sertoli,  to  0'59  per  cent.,  in  sublingual  saliva  the 
chlorine  present,  calculated  as  sodium  chloride,  corresponds  to  1  per 
cent,  of  this  salt. 

Appended  is  a  table  drawn  from  Werther's  memoir  which  exhibits 
the  amount  of  the  saliva  of  the  parotid,  submaxillary  and  sublingual 
sohva  collected  in  stated  times,  together  with  the  resulta  of  thftir 
aual^-sisV 

o.     The  SECRKnoK  of  the  Glands  or  the  Mrcoud  Mehbka^e 

OF  THE  MOCTH  ASD  T0N0t'& 

Opeoiog  on  the  surface  of  the  mucous  mcoibraDO  lining  the 
lipfl  and  cheeks  are  certain  compound  racemoee  glands,  the  so-called 
laoiol  and  buccal  glands  ;  in  addition,  large  nambers  of  glands,  some 
of  which  have  tbo  structure  of  serous,  others  of  mucous 
open  on  the  i^urfacc  nf  the  mucous  membrane  of  tbe  poet 
pnrt  of  the  tongue.  The  combiniHl  secretion  of  all  these  da 
adds  itself  to  ine  fluid  poui'cd  into  the  mouth  by  the  ealii 
glands.  We  have  not,  unfortunately,  anr  reliable  information  upon 
ilie  character  of  the  mixed  secretion,  much  less  as  to  that  of  any  aau 
nt  the&c  sots  of  glands. 

The  only  rvsoarchus  which  huvc  been  carried  out  ou  this  nubject 
hare  consist^  iu  preventing  the  secretions  of  the  salivary-  glandfi 
from  rcAching  the  mouth,  either  by  ligature  of  their  ducts,  or  by 
causing  them  to  discharge  their  contents  externally,  and  examiniug 
the  secretion  then  present  in  the  mouth. 

Under  these  circumstances  the  mouth  lias  been  foand  to  be  tin- 
usually  dry.  and  a  small  quantity  of  tough  mucus  is  secreted 
Bidder  and  Schmidt*  found  thb  to  have  tbe  loUowiog  composition: 

>  UoriU  Wfrtbar,  'Einie*  B«otwetiiuiw«i  tilwr  dia  AbaoodMug  dv  9itm  in 
8p«idiri '  (Ans  clam  ptijsralcvKdMa  Iti*titat  za  BnaUs^  Pfltlgv'a  Arektw,  ToL  » 
(1686).  p.  «M. 

•  Biddtr  Mid  Sduaidt,  qaotcd  br  SMiam  (J^Mwdb  itr  Pk^fttttofiBcltm  Chmie,  a 
1ft),  and  bjr  Half.  Tbt  nlhor  hu  bttn  aaaWt  l»  diieowi  toa  odgiBal  aaama, «  it 
dow  DOt  ooMu  in  th*  dum*l  work  Ij  Umm  AatfaMt  wlitM  Dit  I'mhwitf  mcA 
Vfttmeknt. 
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Organic  matters  soluble  in  alcohol  I'&I 

insoluble      ,._  S'lS 

Salts    containing  diiBfly   sodium! 
chloride  and  phosphate  J 

According  to  Jacuhowitach'  thia  fluid  has  no  diaetatic  action. 

The  glands  of  the  nmcous  memhrane  covering  the  tongue  of  tie 
frog  secrete  a  viscid  liquid  endowed,  according  to  L^pioe,  with 
diajitatie  enzyme. 

Sect.  3.     Tbb  Diastatic  Enzvmc  op  Saliva  a^'d  tue  Actios 

WHICH  IT  EXERTS  UPON  StABCH. 

Historical  Sket-ch. 

DUoovarr  of  It  was  Leucbs*  who  ascertained  that  when  saliva  is 

ui«    ajnyioiy-    mixed  with  starch  it  grBdmJly  dissolves  it  with  tlte 
uo   uruoa  of   formation  of  a  body  which  poseesseB  the  reaotioos  of 
'*■  grape-sugar.     Schwann*  coDDrmed  this  di«»»ery,  the 

tnith  o(  which  buoii  rL'fuived  K'-'ueral  axscut,  though  tliu  great  majority 
of  scientific  men  dtckred  Uioinaelvos  of  the  opiuiou  that  in  the 
liviDg  arganiam  the  saliva  could  not  exert  this  action  to  an  appre- 
ciable extent,  and  that  it-**  fiinctioo  depended  esmentially  upon  iti 
watery  character  aiding  guatatioii,  mastication  and  deglutition*. 

EoBearotio*  In    184.i    Miallie*  discovered    that    when    filtered 

ormamB.  huiiiau   saliva  is    mixed    with    five   or   six    times    its 

weight  of  absolute  alcohol,  a  nmall  quantity  of  a  flocculent  body  is 
deposited,  wliicb  he  collected  and  dried  at  the  temperature  of  tho 
air.  This  body  he  found  to  be  insoluble  iu  strong  alciibol,  but 
partly  soluble  in  water  ond  very  weak  nlcohoL  He  discovered  its  re- 
markable properly  of  converting  boik'd  starch  into  sugar,  and  fifom 
the  resemblance  to,  indeed  the  apparent  idontit}'  with,  the  amylolytic 
ferment  which  Payen  and  Persoz  had  lately  separated  from  geniu* 
uating  barley",  he  applied  to  it  the  name  of  animal  or  aaiinry 

■  Virohotr  in  Ann.  J.  Cruiril£.    Sierlin,  ISaS. 

*  Lcnche,  Kiifitucr'R  Archiv,  1831,  quoted  by  Frorioha  in  his  arllole  'VetiMiaag,' 
in  Wapivr't  Jiatvtwirferbwh  d-  Phj/tiol.,  Vol.  m.  I>ut  i.  p.  70^. 

'  Mh<nnn,  PoggeaioTira  Jnnalet,  Vol.  xxxvui.  n.  aKB. 

*  CoDBiilt  Frerichy's  baicf  alceti^h  nf  the  liJHturv  of  this  miUeol  {aee  noto  S). 

*  Mtalhe,  'De  In  BigEHtion  et  de  rAenimilation  (ks  MatlAret  m«t^<M  el  tunnnrtw.' 
Comptet  Itfiuiuj  iki  »fani:(t  ik  I'Acidfmit  da  SeitPce*.  Vol.  xi-  i'«rt  I.  p.  954.  U 
uinii  berrmGTnlKrrtMi  ihnt  long  before  tho  resoarchea  ol  TAytu  nnd  PvmM,  Kircbbof  bad 
ubaerrod  tUat  in  tbc  proooe*  of  maltii^r.  a  eu^at  U  proiluocd.  Coiualt  Qnnra  and 
Scron, 'QoDtribtitionB  to  the  Histot?  of  Stitrab  Kudit«  TnuiaforauUians.'  Jimni.  ChiwL 
Soc  VoL  zizv.j),  S06  at  wq. 

*  Psjen  et  Pbtboz,  '  MiJmaira  lur  In  DlutMtf,  et  Iwi  prtn«ipftRK  PnjdntU  i*  tm 
lUactions.'  CamfiUt  KtnduM.  luiil  Ainuila  dt  Chimir  et  At  Phymiiu,  Vol.  uu.  (USS), 
p.  73. 
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dlAatOiUe    t$t- 

BMBU. 


Of  Dahmiffttit 
■bA  (mtlUna 
aaiMitow. 


duufow.    He  annouDced  that  one  part  of  tbi&  body  wm  Able  to 
coUTert  3000  times  itA  weight  of  starch  into  xugar. 

Early  in  the  century  (1811)  Kirchof  lOacownA 
tlmi  when  starch  it;  boiled  with  dilute  sulphuric  add  a 
sugar  LB  formed,  and  that  thi!  tumc  change;  occuni  in  the 
process  of  malting,  by  the  action,  as  lie  thought,  of  the 
vegetable  albumin  upon  the  starch. 

■  It  w&H  iKion  found  that  in  this  process  a  gum-like  body  was 
produced  which  was  subjected  to  inv(i<itigati(>n  by  Biot  and  Persoz, 
and,  because  of  its  optical  properties,  denominated  by  them  dextrin. 

The  latter  body  was  discoverod  to  he  an  isomer  of  starch,  and  the 
sugar  formed  was  supposed  to  be  ideutiad  with  grape-sugar,  which 
was  considered  to  difibr  from  starch  meroiy  by  containing  ouo  molecule 
of  walur  in  tuldiliun.  Tho  view  which  came  to  be  gKnerolly  enter- 
tained wan  the  following :  that  the  first  stage  in  ihv  action  either  of 
dilute  adds  aided  by  heat,  or  of  diastase,  consistcil  in  the  transforma- 
tion of  starch  into  its  isomer,  dextrin ;  the  second  in  the  transfonna- 

K  tioD  of  dextrin  into  grape-sugar. 

The  view   that   the  sugar    generated    uoder   the 
action    of  diasloae    upon    starch    was    an    isomer    of, 
and  identical  with,  grnpe-sugwr  was  contended  against 
in  1847  by  Dubruiiiaut',  who  recognised  it  as  a  new 
ftugar,  to  which  ho  gave  the  name  of  Maltofie.     Subsequont  ela- 
borate investigations  of  O'Sullivan*  established    Midtose  to  be  an 
itomer  of  cane-sugar,  possessing  a  very  different  crystalline  form, 
reducing  power,  and  rotatory  power  lu   gmpe-siigar,  and  still  more 
recent  roMarches  have  shcn-u  that  Maltose  is  generated  not  only 
auder  the  induence  of  diastuai;  upon   the  starches  but  also  of  the 
dtastatic  ferments  of  tho  saliva  and  pancreas*. 

K«"«»rtii«t  Tho  assumed  identity  in  tho  reactions  which  take 

atMuMnlas.       place  when  ditulo  sulphuric  acid  and  when  diuatasc  act 
on  a  warm  solution  of  starch  was  sbeu'u  by  Munculua  to  bo  false. 

When  dia«tase  acts  upcm  starch  the  process,  according  to  MuscuIuh. 
lis  one  not  of  mere  hyurution  hut  of  dooomposition,  in  which  the 
'starch  molecule,  which  he  stipposes  to  be  of  great  complexity,  splits 
ap  into  a  dextrin  and  a  sugar  (which  he  afterwards  aamitted  Ui  be 
naaltose) ;  a  further  action  causes  the  dextrin  formed  to  split  up  again 
into  a  less  complex  dextrin  and  sugar,  the  process  being  repeated 
tuitil  ultimately  there  result,  as  products  of  the  reaction,  a  certaiD 
amount  of  dextrin  wbioh  has  resisted  the  influence  of  the  diastatic 
fcnncat,  though  it  is  convcrtibte  into  sugar  by  warm  dilute  acids. 

>  DnbranlADt.  Ann.  Ck.  Ph^i.  Ser.  S.  To),  m.  p.  17a 

*  O'SullivKti,  Jdurruil  of  thf  Chemical  Soeltt^f,  •taA  ttet..  Vol  S.  p.  £79. 

*  V.  UfoiiMt  and  Mnacolaf.  •XJe'ba  die  BinwirkaDg  tod  Spdobe).  und  Puktcm- 
•of  (Jbw>II<n  nnd  BlXrIw.'    Zeifrhrift  (.  vkyWelM.  Cftfmw,  Vol.  i.  {\%1'^). 

■     ->>■<*,.  Vol. 


8W-     Alio  '  Bin  BvitratJ  tur  Cbumiti  d«i  8t«ik«.'    ZEorf,, 


,  n.  p.  177. 
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■em  r*MBt  The  resftarches  of  Brown  in  conjunctioa  with  Hc-roo' 

rmuotaai  of     ^ju^  „it(j  Morris"  subsequently  confiraied  and  exleniied 
those  of  Musculus  and  his  co-workers,  and  have  throwD 
odditioDal  light  upou  the  complex  chemical  structure 
of  the  starch  molecule. 


Bmra  taA 

HtreiL 


Attempts  to  separate  the  Piastatic  Etts\jme  of  Saiiva. 

The  mcthoda  employed  by  Mialhe  in  his  nttcmpta  to  isolate  the 
diaatatjc  priuciple  of  the  salivu  have  been  referred  to  (p.  36). 

CDJiniiBim'i  Subsequently  Cohnheim*  employed  the    foUowii^ 

meuiod.  method : — 

The  mixed  saliva  of  man  is  strongly  acidulated  with  phosphoric 
acid,  and  lime-water  added  until  the  reaction  is  alkatiae  and  a  copious 
precipitate  of  Ca,PO^  is  ohtained.  This  precipitate  carries  down  all 
the  pruteida  and  all  the  diastatic  ferment  which  the  saliva  contaioa 
On  treating  the  precipitate  with  water,  it  dissolves  the  fermeDt 
which  is  precipitated  by  alcohol  in  the  form  of  white  floccuU,  wbicb 
u'huu  dried  iu  vacuo  yield  a  nearly  colourless  powder  contaioing 
some  alkaline  phonphatcs.  From  the  latter  it  can  be  purified  l^ 
repeated  solution  in  water  and  precipitation  with  alcohol.  The  body 
at  last  obtained  is  nitrogenous;  it  h  easily  soluble  in  water,  and  its 
solution  po38c»scs  in  a  marked  nmuner  the  diastatic  power  of  the 
original  saliva  The  solution  is  said  not  to  exhibit  the  xautho-proteic 
reaction ;  it  is  not  precipitated  by  soUition  of  mercuric  chloride, 
platinum  tetrachloride,  by  tannin  ur  by  nitric  acid,  but  by  Deotral 
and  basic  lead  acetates. 

These  reactions  appear  to  shew  that  the  diastatic  ferment  of 
the  saliva,  whatever  it-s  exact  nature,  does  not  possess  the  pro- 
perties of  a  proteid  body. 

8«i>«ratiom  In  the  case  of  animals  whose  saliva  is  endowed  with 

or  1.  dUBtatic  amylulytic  properties  (e.g.  the  pig),  the  enzyme  may  be 
rtment  from  extracted  from  the  finely  divided  nahvaty  gleuxk  by 
iht  "^wF  digestion  iu  glycerin.  From  its  solutiou  in  glycerin 
ciKwu.  the  ferment  may  bo  precipitated  by  alcohol,  and  it  ooay 

afterw&rd.s  be  dissolved  iu  water. 


>  Srown  and  Heron.  'Contribuuoiu  to  tli«  HMimt  oC  Sludti  woA  iU  l^uufonnA- 
liODB.*     Javmai  of  the  Chrmient  Soeitttf,  1S79  {TranMinliooM).  p.  596. 

'  Brown  uid  Morrii,  'On  the  tton.cn'iiMlluBtiilc  pn)dticwof  tli«  Mttion  of  DlifliM 
upon  ^Ammh,'  Jmrtuxl  of  tht  Chemical  Socttty.  I8a&  (TlnoHudcw).  p.  f£1. 

*  Brown  uifl  llonu.  -  Tb*  l^ot^minktion  of  dw  Motoodsr  WeiKht  of  the  CuW> 
hydrMM,'  JvmnMlf/ttic  Chtniti^  SotitX^,  1^89  (IVaiM^roiu),  p.  463. 

*  OolalvNm,  *Zxa  KcnattiiM  im  sackMbUdakdaD  Fdna^iit*.'  Virobov'*  Arehit, 
Vol.  zxTBi.  (IMS),  f.  341. 
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me  pure  There  tan  be  no  dontt.  however,  that  neither  by 

diuuuc  ftr-  Mialhe's  nor  by  Cohnheim's  method  U  it  possible  to 
mm%  rrt  nn-  obtain  the  pure  salivary  ferment.  In  this  case  as  in 
'"''""■  that  of   all   other  unformed    ferments,  our  methods 

merely  enable  the  experimenter  to  obtain  substances  or  extracts  which 
posstsi  in  an  intense  degree  the  activity  of  the  glands  or  juices  which 
yield  them. 


PrvpftntUa 
of    A    iWUbl* 
MlnUon    «f 
>tank-pftM« 
Tor  uparliiMiL- 


Brief  outline  of  the  Changes  which.  Starck  UTuierfjoes  mtder  th^ 
in/tuiHce  of  th4  Salivary  Ferment. 

When  saliva  acts  ujwn  unboik-d  starch  grains,  it  exerts  for  a  long 
time  no  action  upon  it ;  in  order  to  insure  any  conversion  of  the 
iiubotled  starch  contact  must  be  prolonged  for  dayii.  The  changes 
which  occur  when  saliva  acta  upon  boiled  starch  have,  by  the 
reecarcheii  of  Mnsciihis  and  v.  Mehring  and  of  H.  T.  Brown,  been 
shewn  to  be  similar  to,  and  apparently  identical  with,  those  which 
diastase  produces. 

Ill  investigating  tlte  action  of  saliva  or  any  other 
liquid  which  cuutaiiis  a  diastatic  ferment  it  is  conve- 
nient to  bo  provided  with  n  wdUmade  starch-paste. 

This  is  best  made'  by  using  pure  potatn-starch.  The 
potato-starch  is  well  washed  with  water,  and  treated 
successively  with  a  very  dilute  solution  of  potnssic  hydrate  and  a 
1  per  cent,  solution  of  hydrochloric  acid ;  it  is  then  washed  with 
water  until  tho  last  trace  of  acid  has  disappeared  and  dried  at  '25'C. 
A  portion  of  thiii  starch  is  thoroughly  mixed  in  a  mortar  with  cold 
water,  and  the  thick  liquid  then  poured  with  coustant  and  rapid 
stirring  into  boding  water  and  the  process  of  boUiog  coutinucd  for 
twu  or  three  minutes. 

The  most  suitable  qii&ntity  of  starch  to  he  used  per  100  cc.  is,  accord- 
ing to  Brown  an<1  Heron,  from  3  to  5  eratumes,  scoonling  to  Dr  Robsrta, 
1  gramme.  The  ttaiyiarri  »l/irch  mtutila^^  uaed  in  tJie  proccM  of  '  diaataai- 
netry '  of  lliia  author  ia  of  the  latter  strength. 

Cvnvenicn  of  Gdatiwm  into  Suluble  Slar-ck  (Amr/lodextrin). 

The  fint  st«p  iu  the  action  of  the  ferment  upon  gelatinous  starch 
in  the  conversion  of  the  latter  into  soluble  starch,  an  action 
.  aocompanied  by  the  liquefaction  of  the  paste. 
This  liquefaction  takes  place,  at  a  suitable  temperature,  with 
extreme  rapidity  (almost  install taneoitsly),  providing  the  quantity  of 
ferment  be  sufficient. 

The  soluble  starch,  which  is  the  Arst  product  of  the  action  of 
diastAtie  formcots,  is,  like  insoluble  starch,  coloured  blue  by  iodine. 


■  Brovn  uad  UnOD.     Op.  til,,  noM  L,  p.  COI. 
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It  is  precipitatcil  from  its  aolutious  by  tannic  add  and  by  alcobol. 
The  ]»ropcrty  of  hcing  precipitated  by  tannic  a«id  permits  of  the 
wparatiuu  of  soluble  starch  from  the  dcxtriiia  and  maltose  which  are 
formed  at  further  stages  of  the  reactina 

By  adjusting  the  proportion  of  diaatatic  fennent  to  starch-pa&tc 
and  testing  aufficiently  soon,  it  will  be  discovered  that  at  a  certain 
stage,  liauefoction  has  been  the  only  result,  neither  deztrins  dot 
sugar  being  yet  preiM^nt. 

ProdticHon  of  Erytitroclextriria  and  Sugar. 

When  the  ferment  boa  acted  longer  upon  starch  solution,  iodine 
produc«a  a  violet  or  red  colour.  At  the  sainc  time  tbc  aolution  ii 
found  to  contain  dcxtrins  and  a  Augar.  By  adding  tannic  acid  to  tite 
solution  if  viokt,  the  yet  undecompwied  soluble  starch  is  precipitated 
and  then  a  liquid  of  a  more  or  less  denp  red  colour  is  obtained.  This 
liquid  coutainH  a  body,  or  bodie.s,  isomeric  with  starch,  precipilable 
from  the  Holution  by  the  addition  of  alcohol,  and  to  the  product  of 
procipitation  the  name  of  erythrodextnn  hiw  been  given.  It  has  been 
surmised  that  more  tltun  uuc  erythrodexLrin  exists.  That  a  definite 
body  erythrodoxtrin  Actually  exiats  appears,  however,  very  doubtful, 
the  reactions  which  were  held  to  prove  its  cxistoiico  beiug  explainable 
ou  the  h3'pothe8is  that  it  is  a  mlxtiiru  of  varyiug  quantities  oi  nn- 
altcrcd  starch  with  achrnodextrin  and  maltuee. 

Erjtlirodextrin,  or  the  mixed  product  so  named,  is  soluble  in 
wftt^r,  precipitahte  from  its  solution  by  alcohol,  but  not  by  tannic  acid. 

The  solution  is  coloured  r«d  by  iodine. 

When  erythiodextrin  is  subjected  to  the  further  action  of  a 
diastatic  fenueut  it  is  decomposed  into  two  isomeric  dextrins  of 
different  renctJons,  termed  achroodextrin  and  raoltodcxtnn,  and  into 
maltose. 


JProducthn  of  Achroodextrin,  Sfaltodextrin  and  Maltose. 

When  a  Rtarch  solution  is  subjected  at  a  suitable  temperature  to 
the  prolonged  actinnof  a  diastatic  ferment,  the  clear  solution  is  found 
not  to  be  coloured  red  by  iodino,  but  to  assume  n  yellow  tinge, 
which  becomes  OTadually  fiiintcr  until  no  colouration  ia  produced  by 
the  reagent.  This  is  the  au-CAlled  ' achromio  point'  of  Dr  Roberts. 
By  causmg  a  large  iiunntity  of  diastatic  uuzyuic  tu  act  upon  u  suffi- 
dently  dituto  starch  mucilage,  the  whole  of  the  stages  of  the  trans- 
fonuatioa,  culminating  in  the  acAremtc  point,  can  be  brought  about 
almost  iustaulaneuiiiily. 

Dr  Roberts's  oxporimcnts  have  ted  bim  to  the  cod- 
cluxion  that  the  diaslatlc  activity  of  saliva  increases 
with  rise  of  temperature  up  to  about  30''  C,  and  that  it 
cuutitiuea  steady  from  this  temperature  to  about  45X'. 
niid  then  decUnoe,  being  tiuolly  extinguished  between 


miluuiM  at 
lamiMntan 
mMn  dlmaUtlO 
aotteo    or 
ullva. 
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65°  and  70°.    The  solivaj-y  ciizvmc  would  appear  to  be  inBucucoci  by 
temperature  exactly  iia  the  diaxtatic  enzyme  of  ihe  pancreati. 

In  lie  caae  of  the  diaatatie  euzyiin*  of  the  pancreas 
Roberts  has  shewD  that  the  amylolytic  work  done  by  a 
gWcn  solution  containing  it  is  htrictly  proportional  to 
the  quantity  of  it  set  iu  action ;  in  other  words,  the 
ammint  of  the  standard  stareh  imicilage  which  can  be 
changed  to  the  'achromic  point'  in  a  given  time  and  at 
a  givuD  tetnj)PTnc»ri:-,  varies  directly  as  the  (Quantity  of  the  aolutton 
employed.  This  law  appears  to  bold  equally  well  in  the  ca»o  of  the 
ntiviu-y  enzyme. 

Within  certain  limits  the  time  occupied  in  effecting 
the  transformatioo  varies  inversely  as  the  quantity  of 
the  enzj-mo  or  enaymic  Rolution.ie.  double  the  quantity 
of  an  enzyme;  aud  the  tmusformatioits  will  occur  in 
half  the  time.  • 


InflueoM  of 
Uu  tpuntltjr 
of  aciyme  on 
ta*  tiau  eoon- 
pt*d  tn  til* 
truuTonnai- 
UotL 


otfUMazlBUaiM 
oTvailawpro- 
4wM. 


When  alcohol  is  added  to  a  starch  solution  subjected 
to  the  sctiuu  of  ptyalin,  or  to  that  of  any  other  diajslatic 
ferment,  at  any  stage  of  th«  process,  there  is  throwu 
down  a  prccipitatp  which  ia  composed  of  a  mistiire  of 
dextrine,  whilst  the  filtrate  contains  niiiltosc.  At  dilferent  (ttages 
of  the  fermeut-process,  the  solution  exhibits  changes  in  ika  power 
of  reducing  cupric  oxide  (as  determined  by  boiling  a  given  volume 
of  il  with  Fehhug's  suIuUod),  and  iu  its  pon-trr  of  njtating  the  plnuv 
of  polarised  light,  tlio  former  iDcreasiug  and  the  latter  diminish- 
ing as  the  process  proceeds;  ainiilnrly  the  producta  which  can  he  pre- 
cijMtaled  at  vaiioutt  stages  differ  in  their  reducing  aud  rotatory 
powers. 

In  {nTMtigatini;  ih*  «o]ablo  products  of  the  tuition  of  a  diairtaUo 
eDzyme  on  a  etarch  solution,  at  any  partioidar  atngc  of  the  process,  » 
known  Tolunte  of  tlte  (iltfirnd  Rolution  ix  concentrated  by  evHpQraiion  in 
the  water  batli,  and  abitolut«  alcohol  is  thrn  Addixl  in  Auch  proportion  M 
to  fumiah  a  niixtnro  oontaioiiig  about  115  |wr  ctriit.  of  ubeoluto  alcohol. 
By  thiA  procedure  the  dextrius  preaent  are  entirely  precipitated,  and  their 
amount  dct^'rinitUKl  liy  collecting  them  on  «  wcigheil  Ultor,  wiuhing  with 
abdoluto  alcohol,  dri-ing  at  lOO^C  find  wt-ighinR.  The  alcoholic  hitrotc, 
which  contains  the  whole  of  the  maltose,  ia  evaporated  to  drynes*,  the 
reaidae  dinwlved  in  dixcilled  wnt^r,  aud  ttie  amount  of  RU^r  detarraineil 
(<i)  by  Fvlding*!!  solution,  prcfcmbly  by  weigliiug  the  oxido  of  coppur 
formed:  (&)  by  mctuu  o(  the  pDknnieter.  ^o  following  is  an  cxaupU 
(taken  from  a  memoir  l^y  l>r  Lea)  vhieb  U1uBtrHt««  the  scoumcy  with 
which  by  carvful  vxperiucutuig,  the  aiuountv  of  thv  products  can  \iv 
determined. 


t  Sberidui  Leo,  'A  Cfinparuiivo   Study  of  Artifloial   sad   Natural   Di«Mti«a. 
Journal  of  Phgtiohoj/,  Vol.  ».  1H90,  p.  384. 
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3-4r2snimni»a  of  starch  boiled  in"  100  c.c.  of  water  w«r«  digWt«<I  Ht 
40*C.  iritd  lOOcc.  of  tUluie  huai&a  ealivH  for  labours,  and  thm*  producU 
«ai^eot«il  to  tbe  jjreviousl/  ilcAvribecl  jirooess : 

3*412  griimmoa  starch  yieldod  0-&05  ^ramoics  dcxtria 

2&38        „       maitoae 

3-343 

WbiUt  the  nature  ami  charact«i-s  of  the  sugar  which  iM  produced 
are  not  the  subject  of  dispute,  considerable  divergence  of  opinion  ex- 
ists as  to  the  numhsr  and  the  (-hHracter  nf  the  ititli\-iflual  dextrins 
which  are  the  ultimate  products  of  tbe  action  of  a  diastatic  fenneot 
on  starch.  The  most  recent  researches  on  the  subject,  by  Brown  and 
Morris,  have  led  these  observers  to  the  conclusion  tliat  the  physicaJ 
and  chemical  properties  of  the  difieretit  dextrios  precipitnbte  at 
Bcvcml  BucctBfiivc  stages  of  the  process  may  be  accounted  for  on  the 
aupposiiioii  of  their  hciug  inixtiircs  uf  maltose  with  one  definite 
flchroodextrin  which  is  entirely  free  from  reducing  power  and  which 
hits  a  spcciiic  rotation  (a)i)  =  IBi'^'S  and  (a)^'  =  216''.  The  above 
dextrin  wati  obtained  in  a  state  of  freedom  from  maltose  by  mib- 
jecting  it  to  the  action  of  Knapp's  reagent,  viz.  heating  it  with  a 
sohition  of  cyanide  of  silver  in  solution  of  sodium  hydrate. 

H&itodQxtnn.  Iti  addition  to  this  achroodextrin  and  maltose,  and 
having  prupertiua  wliicU  more  nearly  resemble  the  hitter  than  tbe 
fonner.  there  occurs,  at  least  under  curt&in  circumBtances,  a  body 
first  obtained  in  an  impure  condition  (i.e.  contaminated  with  mftf- 
tow)  by  Herzfeld,  which  is  possesised  of  reducing  powers,  vbOM 
specific  rotation  is  for  («)j  =  193  1  and  for  (a)i>=  174°'5 ;  to  this 
body  Brown  and  Morris  retain  the  name  of  maltodoxtrin  ascribed  to 
it  by  HerfelJ. 

Thifi  question  cannot  be  answered  with  complete 
precision.  Brown  and  Heron'  have  shewn  that  the 
diaatatic  ferment  of  pancreatic  juice  possesses  the 
property,  which  is  nol  posseaaed  iy  nuut-dtastase.  of 
transforming  a  small  pmpurtiou  of  maltose  int«  dex- 
trose, when  the  action  is  prolonged.  Reasoning  on  the 
ground  of  the  apparent  identity  of  the  actions  of  the  Salivary  and 
Pancreatic  diostatic  ferments  in  their  mode  of  action  on  atorco.  w« 
should  be  iuclined  to  surmise  thai  the  ultimate  products  resulting 
from  the  two  ferments  would  be  the  same.  It  must  be  stated,  how- 
ever, that  in  hiH  research  Lea  did  not  obtain  evidence  of  Uie  forma- 
tion of  any  sugar  but  maltose. 

>  firoMra  imA  Hemn,  ■  Samo  Obaervstioni  upon  th«  Hj^arolytlo  FenUBU  of  Iba 
Panenas  and  imiU)  Intestine. '     Pfoertdingi  of  tite  Royal  Sacittif,  1890,  p.  891. 
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Th«  cupric  BolutioQ  einplo}'«(I,  whick  is  usually  Urmed  feblin^* 
twlution,  ie  prepared  ti;  ijiAai>lviiig  34-039  f^rammeu  of  pure  dTBteUiied 
cupric  ituIpliaUi  in  Mhout  200  o.c.  of  water,  anil  in  aiiothnr  vmael  I'i 
grammes  of  ptire  pot&ssic  sodic  tartrat« — so-called  Rochellc  aalts — in 
480  c.c.  of  A  solution  of  |iure  ^miic  hydrete  of  apecitio  gravity  1-14;  the 
fint  solution  in  then  addnd  gntrliinlly  to  the  eewnd,  and  the  d«>c-j>-bliw 
«o]oure«l  olfiB-r  diiiil  in  diluUid  to  100(1  c.c.  It  mniit  be  kopt  ia  h  cool,  limi 
fiMCS,  in  wcII-cloHed  bottles,  filled  to  tha  top,  aa  tlie  action  of  light  or  tiie 
absorption  of  c»rlioiiic  anhydridu  would  lead  to  die  separatioa  of  cupcoia 
oxidti  on  mere  cxpoMirf  to  hoiit.  Roforv  using  tbo  solution,  mix  10  ca  (if 
it  with  10  c.c.  of  water,  and  boil  the  mixturo  for  eomo  minutes;  if  this 
producer  t!>e  least  change,  and  cauHpa  the  fie.j»tration  of  even  tlie  smallest 
((aftntity  i)f  cuprous  oxide,  the  solution  ia  nikllt  for  am.  Of  thia  KoIntioD 
35 — SOc.c.  ato  poiircd  into  a  beaker  of  130— l-tO«.c.  capacity,  tojicttbtr 
with  about  50  cc  of  boiling  H-ell-boiled  water;  the  boaker  ia  then  placed 
in  a  water  bath,  whiuli  Is  kept  boiling,  and  at  the  end  of  five  or  ax 
niinntea,  whon  the  diluUt  copper  solutioa  hna  iic<)uirvd  m  nrrirly  na  pomibk- 
th«  tcrapcrature  of  the  bath,  a  known  qiiamiiy  of  the  solution  to  be  testt-d 
is  added,  nod  ths  heating  continued  for  twelve  or  fourteen  minui«a.  If 
thft  blue  ci>lour  completely  <iItsApp^arfi  in  tho  &nt  three  or  four  miDatea,  it 
oaa  bo  roBtorod  by  adding  quickly  more  copper  Bolulioji,  but  if  two  or 
three  additions  be  necessaiy  u*  inBiii-e  an  excess,  the  ex|jeriinBnt  must  be 
sacrittced,  and  a  freHli  one  madt^  with  a  snialler  quantity  of  the  carbo- 
hydrutu  solution.  Satisfactory  nsults  ctinnot  bo  obtained  uidosa  this  pre- 
cautiuu  be  adopted:  the  numbers  generally  falling  too  low  with  aolutiow 
of  malboKe  nr  the  glncoaca,  and  tno  high  when  dvxtrin  ii>  also  present,  if  the 
amount  of  cupric  solution  employed  be  not  from  tho  &ni  in  cxogsr.  AfWr 
thirteen  or  fourteen  minutes  heating,  the  preoipitated  cuprous  oiidc  la 
rapidly  filtered  out,  wmsheil  with  ImiHiig,  well-lioiled  water,  dried,  and 
ignited  in  the  usual  way ;  utrong  ignition  in  an  open  poroulniu  crucible  for 
five  OF  six  minutes  completely  converts  the  cuprous  Into  cupric  oxide,  and 
treatment  with  niti-ic  aeiil  i.s  unucoessiti^-. 

The  time  of  hoatiug  above  mentioned  given  th«  true  reduotioo  for 
dextroso  and  maltose,  and  the  quantity  of  cuprous  oxide  prccipitatMl 
remaiofl  constant,  even  if  the  heating  be  continued  for  twenty  minates; 
but  if  the  aolution  in  addition  contains  dextrin,  the  reduction  becomes 
grualcr,  owing  doubtlesa  to  the  slow  conversion  of  thi;  dextrin  into  sub- 
stances capable  of  acting  upon  the  cupric  solution  (O'Hutlivan,  Joum.  Chem. 
See.  1»76,  II.  130). 

The  cupric  o.xide  reducing  power  is  often  determined  volumetrioally, 
with  the  previously  mentioned  fehling'a  solution,  of  which  10  c.c.  oorr»« 
Bpond  to  0-05  grammes  of  doxtrose.  10  to.  of  the  cupric  solution  and  40  ce. 
of  water  ore  heated  in  a  water  buth  kept  boiling,  and  tho  higbly  dilute 
solution  of  the  cnrbohydrute  is  added  in  small  quautititw  front  a  burMIc, 
until  the  blueisJi -green  colour  of  the  solution  entirely  disap^jeare.  Altliuvgli 
concordant  results  uuiy,  with  great  care,  Ui  obtained  by  this  process,  tuc 
polarimetrical  method  is  far  more  reliable,  and  involves  verj*  Utll«  mote 
trouble  in  its  execution." 


TL«  prodHcta         It  is  true  of  all  enzj-mcs  that  the  substtmces  wbieh 
or     f«naoiit-      result    from    their  action   as  they  accumulate  in 
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cameil  od  in  a  tube  of  parchment  paper,  which  is  surrounded  by 
Utiuitl  whicb  is  kept  at  a  constant  temperature,  the  tube  being  alw 
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Flo.  8.    Db  Sbbbidak  Lu'b  Jarauava  fob  aEr*uTno  b«  ueuu  or  dlu-tbis,  wt 
moimnt  at  diobstioii,  uiu  roK  EBsruio  tbs  Diosmvi  xixxvau  tx  mohox. 

subjected  to  n  continuously  recurnn^  niovenieot,  so  as  to  imitate  ns 
Qcurlv  aa  pusaiblu  tho  conditioua  whicn  exist  lu  the  alinieataiy  canal 
"By  means  of  this  apparatus  a  distant  and  mcomplete  approxi- 
mation to  two  of  the  moro  important  conditions  under  which  Dormal 
digetitiou  t&kes  place  iiiu^  lie  reaJiued,  viz.,  cuntiuuous  movement  and 
removal  of  dicestive  products.    The  subfttance  to  be  digested  is 

placed  inxide  tne  dialyiier-tiibe  (t)  together  with  the  digefitivo  fluid ; 

g)  is  filled  up  to  the  level  of  the  tubuture  (c)  with  a  fluid  similar  in 
composition  to  that  which  is  in  (i)  but  minus  any  ferment,  and  the 
contents  of  (g)  and  (t)  ore  maintained  at  any  desired  digestive 
teuiperaturt'  by  tneans  of  the  cuiTcnt  of  water  which  Rovra  throuj^h  {a). 
Fiually,  the  dlalyser-tubc  is  kept  in  constaut  motion  bj  the  string 

"The  mixing  of  the  contents  of  (i)  is  very  perfect,  wavee  which 
might  almost  be  called  '  peristaltic  *  runitiitg  up  the  flexible  walls  of 
the  dialyser-tube  each  time  it  is  suddenly  lowered  after  its  more 
gradual  ascent.     The  removal  of  the  digestive  products  is  on  the 
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one  baud  incomplete  and  folia  far  short  of  the  activity  of  tht  rcmovftl 
existing  in  noriuaJ  digestion,  for  it  is  ilepcnJeut  merely  upon  tti» 
difFusibility  of  the  products.  In  the  body,  on  the  othor  hand,  n-e 
have  now  every  reason  for  regarding  the  absorption  of  pruductx  as 
dependent  priuiarily  upon  a  specific  selective  activity  of  the  epithelium 
lining  the  atinicutftn.'  canal,  and  nut  tuerwly  iipon  the  physical 
properties  of  the  substances  to  be  absorbed.  So  far,  however,  as 
diffosign  is  the  only  obvious  means  at  our  disposal  for  removing  tbe 
digeetive  products,  the  dialyser  above  dcscnoed  is  extremely  effi- 
cient'." 


77ta  Sugar  vMch  reeutta  from  the  action  of  Saliva  ou  Starch. 

MALTOSE, 

However  large  the  quantity  of  diastatic  enzyme  present  iu  a 
Rtarch    noliition   and   however  favourable  the  circumi^tances,  under 

•  ordinary  circumstances,  in  vitro,  the  conversion  into  maltose  does  not 
proceed  beyond  a  certain  point.  The  tendency  of  all  such  tranafor- 
ronttons  is  to  proceed  at  first  speedily  and  to  attain  a  point  of  «3«i- 
librium  beyond  which  further  progress  is  relatively  very  slow.     This 

»  point  of  equilibrium  in  the  case  of  starch  nctcd  upon  by  malt  extract 
under  the  conditions  in  which  Brown  mul  Heron  experimented  wii* 
reached  when  the  mixed  products  po&sessed  a  Hpecific  rotation 
{a)j  »  I62'6,  and  a  reducing  power  k  =  49'B,  properties  which  cor* 
respond  to  a  mixture  composed  of 

t  Maltose  SO'9 

Dextrin  191, 
rhich  might  be  expressed  by  the  reaction 
8t&rch  MttltoHO  Dextrin 

lias  hovcver  shewn  that  if  conditions  resembling  those  which 
medly  exist  in  the  alimentary  canal  be  realized,  viz.  if  the 
on  of  starch  be  not  too  concentrated,  if  the  diastatic  ferment  be 
active  and  the  sugar  formed  removed,  there  is  no  such  limit  to  the 
tmisfonnatioD  of  starch  as  indicated  by  the  abovo  equation  so 
tKat  convention  into  sugar  tends  to  bo  complete. 

Mnhose,  for  which  the  terms  am^liae  or  ttarck- 
mtgnr  have  also  been  proposed,  cryntallises  from  water 
or  alcohol  in  white  crusts  composed  of  line  needles.     It 
is  very  soluble  in  water,  but  much  less  so  in  aloohol.     It  is  isomeric 
with  cane  supor,  but  its  crystals  possess  one  atom  of  water  of  crystal- 
lisation <C,jH^O+  H,0)." which  is  expelled  at  100'  C. 
Maltose   Is   ucxlro-mtatory  and   like   glue 


FiopcrUM 
of  nultMi. 


solution. 


ucose  reduces  Fchlii^'ft 


1  Bbwidan    !••»,  *A  Corapfintii't    %l<\Ay    ol    ArtUIei&l  mnd  KAtural   Digwtion.' 
Jeunul  of  Phgiiolctfi,  VoL  U.  (IHW,  p.  227  et  Bcq.]. 


is 


maltose;  its  properties. 
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Its  higher  optical  activity  aud  suiAller  reducing  power  as  mid- 
pareii  with  glucoBe  is  exhibited  below. 


Olaoose 

UaltoM 


B«(lucSng  Power. 

100 

65 


OpticaJ  AcUvi^. 
+  150* 


Maltose  is  easily  and  completely  fermented  by  y«aat.  When  a 
mixture  of  maltose  and  sacro-dextiose  or  glucose  is  fenuont«d,  the 
whole  of  the  fonner  h  said  to  disappear  before  the  tatter  is  touched*. 
Wheo  heated  for  3  hours  with  very  diluto  sulphuric  acid,  maltoM 
yields  ft83 — 9ft'9  of  its.  weight  of  dextrose. 

By  the  action  of  dilute  sulphuric  acid  upon  maltose  at  tempera- 
tures between  80^  aud  ^0'  C.  tnere  \s  obtiuned,  as  the  onty  product, 
a  d&xtrosc  having  the  specific  rotation  (ajj'=£8°*65,  ana  a  cupric 
reduciug  power  of  100*. 

When  boiled  with  a  solution  of  potassium  or  sodium  hydrate, 
-•lolutioiiR  of  malt(>.se  react  as  solutions  of  dextrose,  assuming  a  yellow 
amber  colour  which  gradually  deepens  into  a  dark  yellowish  brown  a 
the  process  of  boiling  is  continued. 

Similiirly.miiltn^  rcscmbleit  dextrose  in  its  behaviour  when  boiled 
with  a  aolutioti  of  sodium  carbonate  and  basic  bismuth  nitrate,  or 
bismuth  carbonate  ;  the  bismuth  is  reduced  nod  the  powder  suspended 
ill  the  liquid  btiuunes  lirown. 

With  Pheiiyl-hydrazin  NH,  -  NH  (C,HJ  malloeo,  like  the  other 
true  sugars,  forma  a  comprmnd ;  a  so-called  phenyl-nialtosaaon,  wKich 
separates  in  clusters  of  yellow  crystals ;  the  compound  which  consists 
of  two  molecules  of  maltose  and  two  molecules  of  pheuyl-hydrazin, 
hns  the  composition  C^H^N^O^:  is  soluble  in  about  75  parts  of  hot 
water  and  melta  at  about  2tH»"'.  Whilst  in  its  melting  point  this 
compound  resembles  the  aoalogoua  glucosazon,  C„II^,0  (which 
raelt«  at  20o'  C.)>  which  is  furiitcd  by  the  action  of  phenyl-hydrasin 
on  grape  tiugar,  it  Ik  distiu^ruitihed  from  it  by  the  tact  that  the 
latter  compound  is  almost  insoluble  in  water. 

In  orijer  to  ohtain  this  intcreetinji;  compound  of  rhenyl-bydrmnn  and 
inalto.<iB  the  g(^ner&l  procoas  euiplny^d  in  the  pn^paration  of  all  tlie  OMsatmn 
iH  followMi.  Uissdlvn  2  griMiimejt  of  jihRuylhyilnuLii  hydrochloride  yrilh 
twice  its  n'«iglit  of  »oclitim  acetate  in  SO  c.c.  of  distiUed  vAt«r, 

To  a  fairly  concontratod  aolntioii  of  maltose  add  au  equal  Tolume  of 
UiLs  aolutiiJii  niul  place  tho  mixture  in  a  wat^^r  batli,  kifepiiig  il  at  100* CL 
for  hnlf-an-hour.  Tlio  liquid  BAftiimoH  n.  yellow  colour  and  if  mtffioienUy 
concentrated  comnicnccH  to  tloposit  the  cryctalline  maltosaMine ;  oo  allov- 


'  Tlio  totntory  power  of  glutwiui  KOlutioDi  VMim  with  their  oonomtratiaa  aod 
[wnluru.  dtminlKhiiig  aa  the  coDcentration  u  leM  and  tim  vena  (Toll«DB). 

'  Millet*.  CkrmUlrti.  Vol.  in.  p.  i»», 

'  Brown  and  Heron.  Op.  cU..  p.  020. 

'  Bmil  Piecbcr,  'SjntbcBOB  id  dec  Zuckcrgnippe.'     Btrie}iu  J.  ituUck.  chn- 
GatUtehaft,     Berlin,  Ift'JO  (Ifo.  12).  8.  2119. 
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ing  it  to  cool  die  deposit  iacKAees  in  amount 
clusters  of  yellow  cty»tals  are  observBd. 


Under  the  mioroscope 


W'heu  boiled  for  a  short  time  vntU  a  solution  of  cupnc  acetate 
coDtainiug  free  acetic  acid,  maltos*  dotts  not  reduce  it,  wliilai  glucose 
under  tbc  siune  circumataQODs  partially  reduces  the  solution. 

Barfotid'H  Reagent,  which  is  employed  ns  a  distinguiabiiig  toit  Wtweon 
miUtom  aud  dextrotw,  is  a  Holution  of  1  part  of  cu[)ric  awto-te  in  15  partti 
of  Waiter;  to  200  cc.  of  this  solution  5  c.c.  Hcetic  acid,  of  3S  per  cent.,  am) 
added. 


TbMTVtlWl 

▼Inn    u    t« 
tlM  uuoa  of 
4tUUtla   hr- 
ni4at«  OB 
•tanlL 


From  the  facts  which  have  beea  enunciated  it  hu 
bi-en  sunniiied  by  Musciilus  and  Gruber'.and  by  Brown 
and  Heron,  that  st«rcb  i*  a  polysaccharide  having  a 
formula  (*^itH,,0,J,,  whirh  under  the  inflneuce  of 
hydrolytic  agencies  undergoes  siicccwive  hydrations  and 
decompositioQs. 


As  a  rcBult  of  their  researches,  Brown  and  Heron  deacribed  a 
9cne»  oferythrodextrina  and  acbroodextrins,  ofgi'adnally  dimiuishiug 
moleciibir  weight,  which  they  believed  to  bo  formed  during  tbc  process 
of  diaatadc  hydrolysis,  each  complex  dextrin  splitting  up  into  a 
molecule  of  maltose  and  a  molecule  of  »  dextrin  of  smaller  molecular 
weighty  Bad  of  leas  complexity.  The  tnoiv  rucunt  rcacarches  of  Brown 
in  conjunction  with  Morris  have  not  however  confirmed  this  hypolhe- 
nSk  According  to  these  researches  all  the  intermediate  products 
which  may  be  sepnmtwl  from  n  solution  of  starch  which  is  being 
acted  upon  by  a  diustutic  fornieut,  may  be  accounted  for  as  compounds 
of  a  non-reduciiig  dextrin  with  maltose.  At  the  same  time,  an  has 
bt*u  already  mcntiunod,  there  appi-ara  umitT  certain  circuuiatances  to 
be  formed  a  body  l«nnod  multo-dextriti  which  stands  iu  near  relation 
to  the  ooR-rcducing  dextrin  and  to  inaltnst.-,  and  which,  under  the 
influence  of  a  diastatic  enzyme,  readily  yields  maltose. 

Brown  and  Alorris  bclicvo  that  the  motc»til«  of  starch  cannot  consist  of 
leu  than  an  aggre^tion  of  5  timea  the  moloculf  (C„H^O_„>^.  Thoj-  would 
rapt'C— nt  the*  starch  molecule  ss 

Under  the  action  of  a  diastatic  fermt>Dl  the  complex  molecule  gradually 
ia  drgrmdMl,  by  KuooeBatve  removals  of  the  ternary  group*. 

'nie  removal  of  each  (C„H„0,J,  group  is  scconipliahed  {oior  to  its 


'  Uasonliu  u.  Orubcr.  'Bin  Boitrag  nar  Cliemte  da  StSrli*.' 
O. 
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coinpleto  hydmtioQr  ^f  temiuy  comiKvuiid  b«tn|{  split  off  in  th«  form  oi 
mulbo-dcxlrtti,  n'h«n  one  of  its  8ul)-group8  baa  been  bjdrated,  Uiiu  : — 

.0. 


(CHOI  -+110==  l^'*'^"'"'" 
'^ H^„"b.'J,„), 


One  of  lh.e  five 

ifmar)'  gmupB  ooii- 

Htituting  I  he  liypotheticgj 

starch  molecule. 


Mitlti>-dexCrin. 


Under  the  inftut/n<.'e  of  fnsli  dituiUtic  fcririi-iit,  Hcting  under  &vourable 
conditioou,  mnlto-ilextrin  leadily  undergoes  the  cb&ugo  iodioated  in  the 
following  eqUHtion : 


{(clftoj.^^"-" -«■■=""..■ 


Uttlto-dextnn. 


MftltOM. 


ThttKe  hypO^MHi,  ndvftnc^d  to  explain  the  action  of  tualt  wxtnet  on 
etorcli,  will  up^j  mutatit  mtUandU  to  llie  cliangea  induoed  \iy  any  diutktie 
uniyme. 

InSnwiM 
of    eenain  Carbolic  aoid,  unless  when  prcftont  in  the  proportion 

pouoDom  of  5  per  cent,  of  the  Htarch  jelly,  doea  not  interfere  wiUi 

a«eiiu  on  dia-   the  diastatjc  actiou  of  aaliva. 

tialic^lic  acid  possesses,  on  the  contrary,  a  much  more  powerful 
action.  According  to  Julius  MUllor*,  salicylic  acid  in  tho  proportioo 
of  0'2  per  cent,,  retanl«  the  action  of  saliva  upon  starcli-ijaiste,  whilst 
in  the  proportion  of  1  per  cent,  it  aireatK  it.  AUhouuli,  therefore, 
susceptible  in  a  high  degree  to  the  action  of  salicylic  acid,  the 
diastatic  salivary  ferment  is  nnt  bo  much  so  as  diastase,  as  will  b« 
again  referred  to  in  the  aeciuel. 

Some  poisons,  as  arseniouK  ncid'.  po^ea!)  no  power  of  inflaoocine 
the  diastatic  ferment  of  saliva;  others,  such  H3  hydrocyanic  add, 
possess  this  power  only  in  a  feeble  degree  and  when  present  in  targe 
quantities. 

iB  tbs  dia-         jVlthou^h  the  ultimate  products  of  the  actitoi  of 
stauo  (knn«iit    the  (liastutic  ferment  (^f  Hahva  and  vegetable  diastaae 
of  me  «*iivi,    appear  to  be  identical,  there  are  tacts  which  ooncluavely 
prove  the  indivithiality  of  these  two  bodies. 

The  following  arecertain  points  of  difference  between 
malt-diastase  and  salivary  ferment 

1.  Malt-diastase  acts  powerfully  upon  starch  through  a  wide 
range  of  temperatures;  its  activity  is  greatest  at  60^  C,  and  then 


idanticBi  wim 
nuflt-OUstanT 


'  MilUer,  'Uctier  di«  ft»tiM<ptiiKh.en  EigenschaTt^u  inr  SftliojbaiiR,  ({^[oniiber  te 
OkllxslMLtirs.'     Joiint.  i.priiht.  ('hfmi.\  New  ser..  Vol.  x.  p.  45. 

*  SchAfersnd  D'lhni,  '  Utibei  den  EiiLdus^  dee  Antotu  auf  die  Wiiknug  <I*r  nngl- 

formten  FermenW.'     Vethaudl.  <f.  phytik.-mrd.  (ineUttli.  in  WOritmra,  N.  F.  VoL  m. 
p.  M8. 
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commenoes  to  declioe,  not  being  eatirely  destroyed  till  the  tempera* 
ture  approaches  80"  C. 

It  has  been  shewn,  however,  by  O'SuIIivan  and  by  Btx>wu  and 
Heron  that  the  changes  which  arc  brought  about  by  malt-diastase 
arc  iiifluonciid  in  a  very  marktid  manner  by  temperature. 

Tlio  rajigc  of  totnperaturH  at  which  the  aalivary  ferment  acta 
most  pi>wcrfully  is  according  to  Roberts  very  wide,  viz,  from  SC^ — 45°, 
According  to  Kjeldalii  the  most  favourable  temperature  is  WC* 
The  fennent  is  however  destroyed  when  its  solutions  are  heated  to 
between  65'  and  70°  (Roberts),  i.e.  at  a  temperature  30  degrew 
lowt^r  than  that  which  destroys  the  action  of  malt. 

2.  Salicylic  acid  when  preueut  iu  the  proportion  of  00.5  per  cent. 
at  once  stops  all  action  of  malt-diaatasc  upon  starch-paate.  In  such 
propurtions,  itexerts  no  perceptible  action  on  the  »i1ivary  ferment.  It 
iA  oiUy  when  present  in  the  proportion  of  0*1  per  cent,  that  the  least 
alowiug  influence  is  perceptible,  and  ns  much  as  1  per  cent,  must  be 
preaent  in  order  to  arrest  eutircly  the  action  of  the  ferment 


S&CT.  4      EXCREI^OK  OF  MEDICINAL  StJBSTANCES  IS  THB  SaLIVA. 

Certain  medicinal  agents,  as  potassium  iodide,  are  excreted  in  the 
saliva.  Otlitin  are  not,  e.g.  potassium  ferrocyaoide.  Murcury,  of 
which  medicinal  preparations  imluce,  under  certain  circumstaucea, 
profuse  salivation,  has  been  detected  iu  saliva. 

It  is  said  that  lead  can  be  detected'  in  the  saliva  of  persona 
Bufferiag  &om  lead-poisenine,  in  whom  salivation  has  been  induced 
by  injt^tion  nf  pilocarpiti.  Under  similar  circumstauces  arsenic  has 
not  been  detected. 

SApidltT  of  Langley  and  Fletcher  foimd  (1)  on  injecting  50  c.c 

Ma«UoB  of  of  n  solution  of  lithium  nitrate  into  the  blood  that  the 
antAlo  ulU  lint  drop  of  saliva  secreted  both  from  the  subtnaxiHary 
vhMi  la)MU4  and  ffom  the  parotid  gland  shewed  the  lithium  band  in 
lato  the  blood.  the.^pectroscoiKj;;  (2)  on  injecting  50  c.a  of  a  solution  of 
potasaium  iodide  into  the  blood,  the  aatt  was  present  in  all  the  drops 
of  saliva  after  the  fint  six,  appearing  tiriit  in  the  submaxillary 
secretion,  which  Aoxvs  more  rapidly  than  the  parotid,  althnu^'-h  the 
quantity  of  iodide  was  larger  in  the  parotid  than  in  the  submaxillary 
flftliva. 


<  Kllbiwi,  UhthMk,  p.  SI. 

'  EMdahl. '  tJntennichtmgan  ttlwr  zodurbildnndo  FomMnvt*.'  AbatraetaJ  from  th* 
orl^Kuu  Swedish  bj-  HiimmAntfln,  Ualjti  Jahmbericht,  To),  n.  p.  H81. 

*  Foflcbfi.  'lt«chercbe  <!«•  inbat&DOM  mMioameiiuuBM  et  toxl<iTiea  iIadi  U  SsUre.' 
Commtt*  Rrnittti.  Vol.  ixiui.  p.  344. 

^lAogltjr  anil  Fleiittiu,  Op.  cit.  pp.  149  aDil  IGO. 
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Balln.  tn 
dlabaUL 


Sect.  5.    Cu&kges  which  the  Saliva  dsderooes  in  Disease 
Salivary  Concretions. 

From  the  difficulties  and  inconvenieoce  which  attend  the  cotlec- 
lion  nf  Inrgc  quantitie*  of  saliva  but  little  knowledge  is  possessed  of 
the  cbaDgcs  which  it  undergoes  in  disease.  Our  iafomiatiuu  ia 
limitfc^d  almost  ontiroly  to  tnat  which  relates  to  the  passage  a( 
ahnorinul  ingrodicnts  iuto  the  secretion. 

In  diabetes,  th6  e>aliva,  which  was  formerly  supposed 
to  contain  sugar,  is  naid  to  be  free  from  augar,  nut  to 
contain  lactic  acid,  and  to  have,  in  cooeeque&ce,  an  acid  reaction. 

The  Author  has  examined  the  saliva  collcclod  in  two  casM  4f 
diabetes,  after  the  subcutaneous  injection  of  pilocarpiu.  Tlie  first  wa« 
that  of  a  diabetic  passing  large  quantities  of  highly  saccharine  unoe, 
and  charged  with  tlie  ucctone-like  body  which  gives  a  red  colonr 
with  ferric  chloride  ;  this  patient  succumbed  to  an  attack  of  diabetic 
coma  a  few  days  after  the  examination  of  the  saliva.  The  saLira  bad 
a  very  marked  tilkaUne  reaction.  It  contained  no  trace  of  sugar.  It 
contained  a  trace  of  sulphocyanate^. 

In  a  second  case  of  diabetes,  in  a  woman,  the  saliva  had  likewite 
a  very  marked  alkaline  reaction.     It  contained  no  trace  of  sugar. 

These  two  obsorvatione  are  in  con  trad  iclioo  to  the  usual  statement 
that  the  saliva  of  diabetics  is  acid, 


SkllTft  tn 
jaiuuUc*. 


The  cokuriog  matters  of  the  bile  and  the  bile  salts 
are  generally  stated  not  to  occur'  In  tlie  saliva  of  per- 
sons with  jauudico.  According  to  Fenwick.  however,  their  presence 
may  be  detected  in  cort&iu  cast^n'. 


ttllri.  Is 

BrlKbt'i 
dlMue. 


In  diseases  of  the  kidney  the  amount  of  albumin  in 
the  saliva  may  be  much  increased,  as  has  been  noticed 
by  Vnlpiau',  who  esamined  the  saliva  of  such  patients 
after  adminiatering  pilocarpiu.  When  in  euch  caaea  the  excretion  of 
urea  by  tbu  kidneys  dimini.ihes,  thi!>  constituent  is  found  iu  saliva  in 
much  larger  quautitiea  than  normal*. 

Salivartf  Concretions. 

Salivary  concretioDS  occur  in  the  acini  and  in  the  ducts  of  the 
salivary  glands,  as  well  as  in  the  buccal  glands.    Often  they  are  of 

■  See  V.  JfkkMh,  OUnietl  IHagnoiit.  TranBlftt«d  bjr  Dr  Junta  GRji^f,  f  ijailiw 
1800.  we  p.  57. 

)  FeDviok,  'IJMture  on  the  pieuDce  of  bile  in  tb»  SiUra.'  Laneet,  1877,  Vol.  u. 
SOS. 

Ptuiwick.  The  Saliva  a»  a  Tat  fur  FvaetionaX  DUonlert  oj  tSt  Liver.  tiBuicm 
im.tvv^.  II. 

'  Vutpua,  'AoiquciiUtlon  Aa»  mnti^ros  itlbiimiiieiyoi  diiu  k  wtm  4h  aHMOBl- 
nnriqncn. '     t'onptft  ItaiJiu.  Vol.  iixiviii.  p,  lies. 

*  Kituu.  abotincUd  lu  Mulj' '»  Jakmberiebt.  VoL  i.  p.  106. 
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small,  indeed  of  microscopical  dimeosioaB ;  sometimes,  and  then  they 
luuftlly  occupy  the  ducts  of  the  salivary  glands,  they  arc  much  larger, 
being  of  the  sieo  of  a  pi-u  and  sometimes  very  mucu  larger. 

The  larger  ealivary  concretiaus  are  round  or  oval,  smooth  or 
rough.  Komctimex  of  n  white,  and  Hometimes  of  n  yellowish  grey 
colour,  usually  homogeneoutij  and  pulveriKablc.  Sometimes  they  are 
bard  and  stratified,  rarely  they  exhibit  a  radiated  structure  and 
poasen  a  visible  nuclens.  Rarely,  when  powdered,  they  exhibit 
CTTStaUlDe  frajpnenta.  When  treated  with  dilute  mineral  acids,  the 
mineral  ^Its  of  the  concretion  are  dissolved,  leaving  %□  organic 
DIM*.  Such  coacretioDS  usually  occur  singly  in  the  duct  of  one  of  the 
glands,  though  more  rarely  several  {as  inuiiy  as  teo'i  are  found.  They 
weigh  OS  a  rule  from  To  to  2  granimcs,  exceptionally  as  much  aa 
3  or  4  grammes,  and  occur  most  frequently  in  Wharton's  duct ; 
in  the  parotid  they  occur  about  ten  limes  less  frequently  tlian  in 
the  Hihmaxillary  gland,  and  in  the  sublingual  gland  they  are  still 
rarer'.'  According  to  Kiihae,  ealivary  concretions  usually  contain 
iht;  salivary  Hiastatic  ferment,  so  that  when  powdered  Uiey  act 
energetically  upon  starch. 

The  following  tabular  stntempnt*  exhibits  the  results  of  analyses 
of  salivary  ooncretion.i  by  various  observers: 


1 
"Wrighl.             '  V.  BIbra. 

Lecnnu. 

BeMon. 

Oolding- 
Binl. 

CmtsiituenU  in 

, 

IDUparl^ 

(1) 

W 

(«) 

13-9 

20 

IS 

3 

OiJcInm  citrbonata 

CI -3 

79-*  1  80-7 

„           pb0M>hAt« 

Ibgneaium  pnosphate 

41 

50  1    4-2 

38-2 

75 

55 

7fi 

— 

^ 

— 

5-1 

1 

— 

Solable  ults 

6-2 

4-8 

a-1 

381 

■^ 

Oi|;aniG  uiutieni 

7-1 

S-5 

8-3 

e-o 

25 

23 

Water  and  Iosa 

13 

2-3 

1-7 

6-3 

— 

Tartar  of  the  Tedk 

The  tartar  of  the  teeth  is  in  great  part  composed  of  salts  which 
have  been  deposited  from  the  salivn,  and  it  therefore  has  much 
reatmblanoe  U*  salivary  coucretlons.  The  tartar  occurs  usually  in 
niantl"  which  are  of  a  yellowish,  groeniRh  or  brown  colour.  Betiides 
salts  thoy  contain  mucus,  !U|uamous  epithelium  cells,  and  long  filaments 
of  Leptothrve  buccaliB.  all  of  which  are  rendered  evident  if  a  little 
of  the  powdered  concretion  lie  treated  with  dilute  hydrochloric  acid 
and  the  residue  be  examined  microscopically. 

'  flofnwDa.  tfhrbueh  J<t  Xoothemit,  Wim.  1879.  p.  US, 

'  Uonip-IicMUicx,  l^hrbacK  drr  phyriohgiKhen  ChcmU,  Uh  El  (1878|,  p.  476. 
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It  i«  said  that  the  composition  of  the  tartAr  of  the  incisor  1«eOi 
(Itficrs  frotn  titat  of  tli«  molar  tetith,  the  latter  coutaiutog  much 
larger  quaatities  of  phosphate  of  iron  aud  more  silica. 

The  tartar  is  as  stated  above  in  greab  part  prodaced  by  the 
precipitation  of  the  salts  of  the  ealiva ;  in  part  however  it  is  prodnced, 
doubtless,  by  the  precipitation  of  time  and  iron  salts  of  the  fixid 
thrmigh  the  agcncv  of  the  alkaline  phosphates  containeil  in  the 
saliva. 


The  followiug  are 
(Vorgnos'X 

analyses  eshibitiug  the 

Tutu  «t  tt>* 
Iiwinr  TmUi. 

m         63&S      62-56 

8-48         8*12 

272         0-82 

0-21        0-21 

0-14 

«4-69      27-98 

ooEiipositioD  of  Tai 

TiLtu.t  of  Molai 
T«eth. 

Phosphate  of  calciii 
Carbonate        „ 
l'ho!iphat«  of  iron 
Silica 

Alkaline  salts 
Organic  matter 

3311 

7-36 

12-74 

0-37 

24-'40 

C312 
801 
401 
038 
031 

24-01  . 

Sect.  6.    Directioss  fob  the  Qua>titative  Asaltsis  or 

Saliva. 


Coiucuon.  When  It  is  thought  desirable  to  examine  ealiva 

man,  care  should  be  taken  to  collect  it  au  hour  or  two 
after  a  mcnl,  and  the  precaution  should  be  taken  to  have  the  mouth 
thoroughly  rinsed  out  with  water. 

Since  the  diaeovury  of  the  powerful  sialajgogue  action  of  jaburandi 
and  its  active  prinriplc  pilocarpio,  a  fiuW-utantoua  injection  of  the 
Intter  would  usually  be  employed  lu  obtaining  saliva  from  the  human 
subject  for  analysis.  Within  ten  minutes  after  such  au  iujcctiou 
salivation  occurs  so  as  to  admit  of  considembte  quantities  being 
collected. 


Proceed  as  directed  in  Vol.  i.  p.  S8. 


Deiermlna^ 
tlHi  or  nas- 
tLon. 

D«Mmiina-         This  should  be  effected  by  means  of  the  bottle  (see 
tlon  01  fwctuo    Vol  L  p.  174). 

uon  ot  Tftt«r.         Proceed  exactly  as  indicated  in  the  case  of  Wood  ; 
totKi       voudi    using,  however,  20  c.c,  of  saliva. 
and  salu. 


'  VerKuot,  Du  tartrt  dfntain,  fuin,  18TO,  S^ft.,  <inoWdi  by  Gftntiar.  CAial»j 
Jojfi^w,  Tol.  II.  p.  aei. 
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I 


I 


DturaiiuL-  A  known  weight  (.SO — 50  gnns.)  of  filtenMl  s&liva  is 

uoB  of  nuui    treated  with  a  few  drops  of  acetic  acid.     Mucin  is  pre- 

t*^  ■»«»•-   cipitated;  it  may  be  collected  on  a  weighed  filter,  wasnetl 

'*  with  absolute  alcohol    and  then  with    ether,  and    the 

combiiictl  ivoight  of  filter  and  mucin  determined. 

DoMmiiuL-  All  saliva  contains,  as  has  been  said,  some  proteid 


Uioo    or 
Ulda. 


Pro- 


bodies  in  solution.  As  the  quantity  is  small  and  there 
ia  always  some,  usually  a  prepondorating  quantity  of 
mucin,  the  determination  does  not  admit  of  gruat  iiccurucy.  The 
following  plan  is  recomnionded,  but  is  only  applicable  when  con- 
siderable quantitieB  of  ealivaarc  available. 

To  50,  or  better  still  100  gnns.  of  saliva  add  a  few  drops  of  acetic 
acid;  collect  the  precipitated  mucin,  following  the  directions  given  in 
the  last  paragraph.  To  the.fillrate  add  at  leiist  three  times  its  volume 
of  abtolate  alcohol,  and  set  aside  the  mixture  for  24  hours.  Collect 
the  precipitate  on  a  weiglied-filter,  wash  with  absolute  alcohol,  and 
ether,  and  then  with  boiling  water.  The  filter  with  its  contents  is 
then  dried,  first  in  the  water-oven  and  then  in  the  air-oven  at  120 'C, 
and  weighed  between  watch -glastea.  Thus  wo  determine  the  com- 
bined weight  of  tbe  proteids  and  of  certain  of  the  salts  present  in  the 
portion  of  saliva  analysed.  Tbe  filter  and  contents  are  then  ignited 
m  a  weighed  plntiuum  capMuk-,  and  iiftur  the  opurution  the  weight  «f 
the  ash  left  is  determined.  On  subtracting  from  the  weight  of  the  pro- 
teids  and  ash,  as  found  by  the  previmis  operation,  the  weight  of  the 
ash,  we  obtain  the  weight  of  the  proteids  proscot. 

tim    »r    th«  The  presence  of  sulphocyantc  acid    is  established 

praMBM    uiA  by  the  testa  referred  to  at  page  19. 

!ti!!u^ *[  "^j  The   arniiiint  of  sulpliocvnnic   acid   is   best  deter- 

^^^^^._  mined  by  the  following  method,  which  was  carried  out 

Mank'a       a 
thod. 


by  Munic  at  the  suggestion  of  Salkowski' ; — 


A  known  weight  of  saliva  is  evaporated  to  dryness,  and  an  alco- 
holic solution  of  tbe  dry  residue  is  mode  ;  this  isevapuratcd  tu  dryness, 
diaiolved  in  water,  and  the  clear  solution  is  precipitated  by  means  of 
stiver  nitrate  and  nitric  acid  ;  the  procipitate  is  wa.sbed,  collected  on 
a  filter,  and  dried  at  100°  C. ;  it  is  then  ignited  in  a  silver  dish,  with 
pure  sodium  hydrate  and  potassiam  nitrate.  The  fused  mass  is  dis- 
solved in  water  and  the  solution  is  treated  with  hydrochloric  acid 
and  barium  chloride,  which  precipitates  the  sulphuric  acid  formed 
by  tlie  oxidation  of  the  dulphocynnic  acid.  From  the  weight  of  the 
barium  sulphate  the  amuunt  of  Hulpbur  origiualty  present  lu  the 
■ulphtx^yaiiate  is  ascertained. 

Ooiorimairt-         Tbe  estimation  of  the  amount  of  sulphocyanic  acid 
osl  mou«i<u,       in  the  saliva  has  been  usually  carried  out  by  more  or 

'  Monk.  '  SehwifclqjvDbiMtiaimoiig  im  Spoichel.'    Tirohow'a  dnhiv.  Vol.  lxix. 
p.  SGO. 
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less  accurate  coloriraetric  methods,  ie.,  the  amount  has  been  de- 
duced by  cottipariag  the  intensity  of  the  red  colouration  produced 
by  uddiitg  ferric  chlundc  to  a  kuowii  volume  or  weight  of  s&liv^ 
with  the  colour  produced  under  exactly  Bimilw  conditions  when  the 
same  iron  solution  is  added  to  solutions  contatutug  known  quantitiM 
of  aulpluMiyanic  a^id.  By  employing  the  metliod  suygastod  by  Hoppe- 
Seyler  for  the  determination  of  HFcmoglobin,  soe  Vol.  I.  p.  182,  cloac 
approximations  may  be  doubtless  arnved  at.  With  the  hel])  of  one  iif 
the  recently  perfected  colorimeters,  as  that  of  Duboeque  or  of  C.  H. 
Wolff,  still  belter  results  would  be  obtained'. 

SpeflTO-  Professor  Vierordt,  employing  the  method  of  apectro- 

»hflMmetile«i  photouiutry  to  the  eatimatiou  of  sulphocyanates.  de- 
BwtHM.  lermined  the  eiiiact ion-coefficient  of  sulphocyanide  of 

iron,  and  on  the  oAtsuuiptivn  of  its  cuUBtaucy  and  therefore  of 
the  poHsibility  of  applying  speclro-phntometry  to  the  solution 
of  the  problem,  made  determinations  of  the  amount  of  sulpho- 
cyamite  present  in  the  saliva.  UnfortuuiLtely  it  han  bt?en  shewn  by 
the  brothers  Kriiss  that  spectro-photometn'"  is  not  applicable  to  the 
determination  of  sulphocyaaate  of  inm.  inasmuch  as  the  nature  of  the 
compound  formed  varies  within  wide  limits,  and  with  theee  variatioiu 
likewise  varies  the  extinction  •coefficient  and.  necessarily  also,  the 
'  absorption-relation-' 


Determination  of  the  Diastatic  Valm  0/  Saliva.    ' Diastasimgtry.* 

It  has  been  said  that  the  enzyme  which  confers  upon  the  saliva 
Cif  man  and  of  some  other  animals  its  diastatic  powerx  has  not  been 
separated,  so  that  we  merely  reason  concerning  the  existence  of  the 
body  from  a  knowledge  of  ita  powers,  Whilst  we  cannot  cstimatvthe 
wtight  of  the  unknown  body,  we  may  determine  the  euzymic  power 
of  any  liquid  containing  it,  the  latter  doubtiese  being,  cmteris  paribui, 
in  direct  relation  to  tke  richness  or  poverty  of  the  liquid  in  the 
body. 

The  diaittatic  value  of  a  liquid,  represented  by  the 
symbol  D,  may  be  expressed  by  the  volume  in  cubic 
centimetres  of  a  standard  solution  of  starch  muciUge 
which  can  be  tmusformed  by  one  cubic  centimetre  of 


Prtadp'Ui  Of 
ftotnrt'i  m«- 
tbod    of    dla- 


■  For  a  de8ori|ition  of  this  dcilonmeter  eon>ult  ■  Kolorimetiie  and  quuitttsti** 
Spektmlaaalyu  In  ihrir  Aii<reDi)iing  in  der  Chtonitt,'  von  Dr  OwrbAid  Eraai  uiiil  Dr 
Uui^o  Krfiaa.  Hamburg  und  heipiiti,  l!)9t.  WoIfT'^  calorimcUii  is  Mid  by  tiu  0)rti'^ 
firm  uf  Dr  Huko  RrUw  of  BaLaitmri;  (or  lOO  and  ISO  nnvrks. 

■  Cunsult  'Uelwr  ilas  &baurpiU>ni>a|itlitruui  Jea  Eiwuthodomdca  und  cUa  S«4sAa 
Fcrriukva  und  luslicliec  KliodBuiiJfn  BUtlfiudeail*  Benktiun,'  at  |)ag«  174  of  the  pi*- 
vjoiialj'  (juoff]  work  uf  the  brothvra  Kriltil. 

A  [hortm«li  truitmnit  of  SjwttropJiotonisWy  mUl  be  found  in  the  Jtod  editini  rf 
V\iL  I.  i>r  titi*  work:  a  nbortcr  occmiut  on  n  icparate  iibe«l  Beoompaoloa  Hub  volacu 
lor  [be  UM  of  the  mdar. 
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the  liquid,  acting  during  five  minutes  at  a  temperature  uf  41)"  C.,  \o 
the  so-called  acttrnmic  point,  the  latter  being  reco^ois^d  by  the  non- 
producdoQ  of  any  colour  reaction  on  the  admtion  of  iodine. 

Thua  if  we  state  that  iu  the  case  of  human  saliva  D=10 — 17, 
we  imply  that  I  cubic  centimetre  of  bumau  saliva  converts  in  a 
period  of  five  minute*  from  10  to  17  cubic  centimetre*  of  itandord 
Btiircb  emulsion  to  the  achroiuic  poiut,  the  teuipenitur«  being 
40"  C. 

PT«paniti<Ni  Five  grammes  of  pure  potato  starch  are  ^etl 
of  «iudu4i  stin-ed  up  into  a  thin  mud  with  HO  c.c.  of  water,  aud 
■ur«b  iBwii-  i|)ig  jg  lYivM  poured  iu  a  steud^^r  stream  into  470  ce,  of 
briskly  builing  wattr.  The  mixture  is  stirred  aud 
allowed  to  boil  for  a  few  seconds.  Standard  starch  mucilage  should 
be  uaed  when  fresh.  After  being  kept  tor  a  few  days  it  loses  its 
npal«3cent  appearance  and  Hlight  mucilaginous  consistency,  and  is 
then  found  to  contain  sugar. 


PnpenllaB 
gf  aoletlaa  of 

lodtBC 


The  solution  of  iodino  is  mad«  by  diluting  one  part 
of  Liq.  lodi  of  the  British  Pliarmacopa'ia  with  2U0 
parts  uf  water. 


DMcnuuoo 
of  th«  Bctiul 
ynnm  at  dim. 


10  ac  of  the  standard  starch  mucilage  are  diluted 
to  100  C.C..  and  heated  in  a  beaker  over  a  flame  to  from 
■lO" — -tS^C.  A  known  volume,  say  1  c.c,  of  the  dia- 
static  BoIutioD  i^  theu  added  to  the  mucilage,  and  the  time  noted. 
Then  at  interrnls  of  a  minute  a  drop  of  the  9mymo9ing  liquid  is 
placed  OD  a  while  slab  with  a  drop  uf  the  iudiue  sulubiua.  aud  the 
time  and  result  of  last  testing  t»  notod.  Wh^ti  the  achromic  point 
is  reeefaud  the  time  is  noted,  and  the  interval  from  the  commcuce- 
meat  of  the  expt^riment  It  oumpiil4.>d.  If  at  the  end  of  three  minutes 
the  mixture  still  £ives  the  blue  reaction  of  unaltered  starch  a  new 
experiment  is  made,  using  two,  three,  or  four  timas  the  volume  of 
diastalic  solution.  If,  on  the  other  hand,  the  ackromic  point  in  reached 
in  less  than  two  miuutcs,  n  new  experiment  i»  made,  using  a  smaller 
quantity  of  the  extract 

Two  or  three  ozperimente  geuomlly  suffice  to  determine  the 
((Uontity  of  diastatic  solution  required  to  bring  the  achromic  point 
within  a  period  raugiug  from  two  to  ten  minutes.  A  final  coutrol 
experiment  enables  the  operator  to  fxn  the  achromic  point  some- 
where  between  four  aud  six  minutes.  The  accuracy  of  the  method 
depends  chiefly  on  the  sharpness  or  precision  with  which  the  occur- 
rence of  the  achromic  point  can  be  determined.  If  it  occur  earlier 
than  two  minutes  the  transition  is  too  rapid  for  exact  observation  and 
record.  On  the  other  baud,  if  it  occur  later  than  tifleen  or  twenty 
minutes  the  transition  is  too  gwduol  for  precise  limitation.  The 
moBt  satisfactory  results  are  obtiuaed  when  the  achromic  point  falls 
between  four  and  six  minutes.     The  following  example  will  serve  m 
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an  illustration  of  the  way  in  which  the  experiments  are  carried  out, 
noted  and  expressed. 

10  C.C.  of  standard  Htarch  mucilage  -t-  90  cc.  of  ir&t«r 
+  0-1  cc  of  jMiticrefttic  extract,  aC  40*  C. 


Tima. 

licoctioa  witli  Iodine. 

10.30  a.ni. 
1U.31    „ 

10.32  „ 

10.33  „ 

10.34  „ 

10.35  „ 

10.36  „ 

Commencement  of  experiment 

Blue. 

Violet. 

BrovD. 

YellowiBh-browTi. 

Pale  yellow. 

£fo  reaotiou — nchromic  point. 

6  nunut«B 

Mode  of  cal- 
calaUag  tb« 
valus  D,  tcoia 
tb.«  i«anlt«  of 
ttic  fkbove  tx- 
puimomU. 


Ill  the  methud  of  experimeuc  which  has  just  been 
(Jeacribed,  t!»e  temperature  and  the  volume  of  starch 
paste,  arc  maintained  constaut,  the  volume  af  diastatic 
solutioD,  and  the  time  oucupied  by  it  in  effecting  the 
reaction  are,  however,  varieo.  To  obtain  the  value  of 
D  we  must  calculate,  from  the  data  obtaiaed,  whit 
uumWr  of  cubic  ceutimetrea  of  the  standard  mucilage  would  hare 
been  required,  if  the  volume  of  ditatatic  solution  bad  been  I  cc  and 
the  time  five  niiuutes. 

Let  V— volume  in  cubic  oentimetrea  of  the  diastatic  aolution, 
»  =  time  expressed  in  niimites, 
i>=diastBtic  value  according  to  definition;  then 

^     10     5 


Example.  lu  the  experiment  previously  cited  to  shew  the  usual 
course  of  events,  O'l  cc.  of  pancreatic  extract  induced  the  achrvmU 
point  in  six  minutes, 

3 


then 


i)=83  3. 


that  is  to  nay,  1  cubic  centimetre  of  the  pancreatic  extract  used, 
would  at  the  temperature  of  the  experiment  (40'  C),  iu  the  period  of 
five  minutes,  convert  ^3  cubic  centimetres  of  standard  mucilage  to 
the  ochromic  point.  Kow,  as  the  proportion  of  starch  in  the  standard 
mucilage  is  always  the  same  and  kcowu,  \lz.  1  gnu.  per  100  ac^  it  is 
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easy  to  calcal&te  the  weight  of  ittarch  which  has  been  brought  to 
the  acbromic  poiut;  ve  have  merely  to  divide  D  by  lOO  to  obtain 
the  weight  of  starch  in  grammes,  or  fractions  of  grainni^s ;  thus  id 

the  abo%-e  experimeat  ^ftij^O'^S  grms.,  being  the  weight  of  dry 

starch  couvertcd. 

In  the  method  of  diastasimetry  which  has  been  described,  aJmost 
in  the  very  wonis  of  its  originator,  Dr  William  Roberts  the  reaction 
which  ia  selected  aa  the  ftnal  reaction  depends  upon  the  disappear- 
ance of  all  dextrins  which  are  coloured  yellow  by  iodine,  the  solu- 
tion containing  only  maltose  and  a  dextrin  which  give  no  reaction 
with  this  reagent.  Uadcr  the  same  circumetances  as  to  temperature, 
the  reaction  proceeds  with  perfect  regularity,  and  so  as  to  admit  of 
very  accurate  observations. 

"  Probably,"  as  remarks  Dr  Roberts,  '•  the  moat  accurate  mode 
of  estimating  tho  activity  of  a  diastatic  solution  is  to  a^ccrtaia  the 
amount  of  uugar  produced  when  a  giveu  quautity  of  the  solution  is 
made  to  act  on  a  given  volume  of  a  stfindard  starch  mucilage,  for  a 
6xed  time,  and  at  a  given  temperatura  Thin  method  has  already 
been  recognized  by  Messrs  Brown  and  Heron,  in  their  paper,  'On 
the  Tranrformalion  of  Starch  by  Malt  InfuBions.'  Kyeldahl  has 
developed  the  method  to  a  further  point,  and  has  used  it  to  meatiure 
the  comparative  activity  of  malt  infusions  and  of  sqIivil" 

Tlio  amount  of  sugar  was  determine<l  in  the  experiment'^  referred 
to  by  estimating  the  amount  of  n  standard  Kotution  of  a  ciipric  stalt 
which  could  be  reduced  by  a  known  volume  of  the  saccharine  liquid. 

Thn  diastatic  value  may  also  be  judged  of  in  a  similar  manner 
by  determining  the  rotatory  power  of  ttie  liquid  which  has  been 
subjected  to  the  action  of  the  euzyme;  in  order  to  carry  out  this 
method,  it  would  be  ncccnsary  to  separate  tbv  dcxlrius  from  the  &ugar 
formed,  by  the  action  of  alcohol 


Sect.  l.    IxTRODucroRy.    On  the  Structdbe  op  the  SToiuca 
OF  Man  and  CAiwrvoRous  Animals, 

The  stomacb  consists  of  a  muscular  bag,  the  greater  p&rt  of 
whift)  is  ctivereJ  with  a  peritout-al  invcstnieut  wltich  oonstitvt^j  itd 
serous  coat,  and  which  is  lined  bv  a  mucous  membrand  in  which  uk 
imbedded  the  glands  whose  mixed  products  give  rise  to  the  peciili&r 
secretion,  the  gastric  juice. 

The  mucoua  niembrane  of  the  stomach  ift  a  thin  membrane, 
prcgoDtitig  prominent  folJ^  or  ntf/a,  most  abundant  at  its  pyloric 
end,  ami  whi<;Ii  disapijcar  when  the  organ  is  distended,  VVith  a 
magnifying  glass  the  mucous  membrane  is  seen  to  present  tanu- 
raerable  pits  or  nlvmli,  which  are  separated  from  one  another  by 
intervening  ridges,  at  the  bottom  of  which  are  the  open  mouths 
of  the  gastric  glands,  which  are  tubular  glands,  simple  or  ronipouod, 
occiipjnng  nearly  the  whole  thickness  of  the  mucous  membrane, 

lu  some  animals,  typically  iu  the  Jog,  the  mucous  membrane 
doeo  not  present  one  uuit'orni  appearance  to  the  naked  eye,  nor  is  its 
structure  identical  in  all  parts.  In  the  pyloric  region  it  is  leas 
vascular,  aud  appears  thicker,  though  it  is  here  much  poorer  in 
glandnlnr  Rtnicbiircs  than  at  the  fundus, 

Iu  the  sttimacJi  of  all  animals  there  are  observed  two  sets  of 

f lands,  which  formerly  used  almost  invariably  to  be  ciasaified  bj 
Inglish  writers,  as  [a)  peptic,  and  {b]  mucous  glands,  to  intlicntc  the 
view,  then  held,  that  the  lirat  secreted  gastric  juice,  wbibt  tb« 
second  merely  secreted  mucus.  In  the  dog,  the  former  ure  absent 
from  the  pyloric  region,  but  occupy  the  mucous  membrane  of  th« 
fundus  aud  curvatures ;  they  are  therefore  oft«D  spoken  of  as  the 
glands  of  Vie  fundus.  On  the  other  hand,  the  other  glaadfl  are 
sp)ken  of  as  the  pyloric  glands.  In  animaU  where,  as  in  tlie  duo, 
the»e  two  structurally  different  regions  of  the  stomach  are  obcerred, 
an  intervening  region,  with  tTansitioual  forms  between  these  two  sets 
laa  been  described. 
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n«  jiimiB  ^t  the  fundus  of  the  etotnach  the  mucoua  mcmbnuii: 
rtrS^^^aj"^    appears  thiuntT.  bul  it  contains  a  far  greater  amountof 

e  iian  .  gli^j^ui^r  elcineuts  than  are  found  in  ilie  pyloric  regkra. 
Ttie  individual  glands  are  deeper,  and  they  are  separated  from  one 
auotber  by  a  iniicb  smaller  ([uautity  of  cooaective  tissue. 

The  Peptic  glands  are  usually  arranged  in  groups  of  four  or 
five.  The  opea  mouths  at  the  bottom  of  the  alveoli  lead  into  ducti 
lined  by  cylindrical  epithelium  ;  "  into  each  of  these  ducts  open  two 
or  three  tubes,  the  gland  tubes  proper." 

Id  the  gland  tube  we  iiiny  distinguish,  a  somewhat  oonstrtct«(! 
Ttech,  and  a  main  part  the  b&dy,  which  increases  in  width  as  it  pro- 
ceeds towards  the  nliud  extreraity. 

The  gland  lube  poaaesaes  a  viembrana  propria,  or  bMemeot 
membrane,  upon  the:  inner  surface  of  which  is  placed  the  secreting 
epithelium,  and  outside  of  which  are  htood- vessels,  lymphatics  ana 
nerves. 

It  has  been  said  that  the  epithelium  lining  the  duct  common  to 
several  secreting  tubes  is  columnar;  in  the  glandular  tubes  them- 
selves epithelium  cells  of  two  kinds  are  observed,  firstly,  laijfe 
ovoid  cells,  with  oval  nuclei,  less  numerous  towards  the  blind  end 
of  the  glaud,  are  eeeu  lying  against  the  basement  membrane  and 
causing  it  in  some  places  to  bulge  outwards.  Theeo  are  the  jiepHc 
cells,  properly  so  called,  of  the  older  English  writers,  the  harder  oeJIf 
(Belegzellen)  of  Heidenhain',  the  delmwrphoti^  cells  of  Rollct,  the 
oayutic  cells  of  Lnngley;  they  do  not  form  a  continuous  layer,  hat 
occur  at  iolervalfc.  The  hurucr  tells  arc  not  distinctly  granular  iu 
the  fresit  8tat«,  bul  become  ho  on  treatment  with  many  reagents. 

Situated  internal  to  them  and  between  them  are  cylmdricaj  or 
cubical  cells,  the  so-called  adetoiiLorphous  cells  of  RuUet,  which  have 
been  called  '  Haiiptzellcu'  or  chief  cells  by  Heidcnliain,  and  which 
may  most  fitly  be  described  as  the  central  cells  of  the  peptic  ghmds. 
These  central  cells  are,  recognized  aa  essentially  simiLar,  Wth  in 
structure  and  function,  to  the  deeper  columnar  or  more  properly 
cubical  cells  which  alone  line  the  interior  of  the  fundus  of  the  pyloric 
glands,  Ueidenhain*  points  out,  however,  that  tJie  chief  cells  of  the 
peptic  glands  present  a  coarse  granulation  which  hides  the  borders 
of  the  separate  cell*,  whilst  the  cells  of  the  pyloric  glands  contain 
a  much  Hncr  grunular  matter  which  allows  of  their  borders  heini; 
distinctlv  seen.  t>u  account  of  this  and  of  some  other  dit!ereucea 
the  bortler  cells  and  the  pyloric  cclU  cannot  be  regarded  as  being 
identical'.  The  lumen  of  the  peptic  glands  is  an  exceedingly  uairow 
canal,  and  contraHta  with  the  much  wider  canal  which  penetzAtes  to 
the  depths  of  the  pyloric  glands. 


'  HriiaobalB.  Areh.  /.  vtlk.  AfiM.  n.  p.  368,  1870. 

*  Hdileuliain.  Bennano'i*  BiimWnic}i.  vol.  v.  p.  ]01.  ISSOl 

*  Ladk''?  'uiJ  Bcwatl,  'Chauf;«e  in  Pepriatviria'mn  Cviln,'  Prat,  Bog.  Soe.  No.  Ifil. 
p.  886,  1679;  Joum.  of  i'Jiyi.,  Vol.  u.  2W,  ltJ7B. 


THE  PYLORIC  GtANDS. 

Thft  pjnarui  Our  knoMledge  of  micro scopical  cliaractcre  i>f  the 

*'*"'**"  pyloric  glauJs  is  cliiefly  due  to  Eosteiii'.  The  characterB 

of  tbe  pyloric  glands  are  thus  summarize*!,  and  compared  with  those 
of  the  peptic  glandK,  by  Or  Klein : — "  The  duct  is  proportiounlely 
very  loug ;  it  aniouiits  to  half  or  more  of  the  whole  leugtli  of  the 
gland:  two  or  three  tubes  open  into  the  duct  by  a  very  short  neck, 
which  roprescubi  the  narrowest  part  of  the  gkitii :  the  body  of  the 

f;laucl  is  brauched  into  two  or  tbree  tubes,  which  are  wavy  auJ  coavo- 
uted ;  the  iumen  of  the  neck,  but  especially  that  of  the  body  of  the 
gland,  is  much  larger  than  iu  the  mrn?H{K)iidiug  parta  of  tbe  peptic 
glaud  ;  the  lumen  in  the  body  of  the  funiior  ;;!ande  being  many  times 
longer  than  that  of  the  latter.  The  epithelium  coveriug  the  surface 
of  the  mucosa  and  liuiDg  the  ducts  iu  tbe  pyloric  region  is  exactly 
the  same  as  in  the  rest  of  the  stomach.  The  epithelium  lining  the 
neck  and  body  of  these  glands  is  a  continuation  of  that  of  the  duct : 
but,  an  iu  the  case  of  the  peptic  gland,  so  also  here  the  celU  an; 
shorter  and  more  opaque  io  the  neck  than  in  the  body.  In  the  latter 
the  cells  are  fine,  more  ur  Icaa  truuHpurcnt,  coluuiuar  cells;  in  no 
pftit  ar«  there  parietal  cellp',"  &c. 


SCIIBV4TIC  Bi;riU»Z![T«TII>»  or  4  pTLOItIG  OUKD.      (LaXDOU.) 

Ebatdn.  Arrh.  f.  mifc.  Aaat.  n.  p;  £15,  1870. 
'  Slcio  uul  Kabie  Suiiili,  Attiu  oj  muologi),  pp.  90S  ud  306,  1€W. 
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Sect.  2.  Some  Historical  Pkeujuinaries.  On  the  NAxtreF.  of 
Gastric  Diqestiox,  akd  the  Uiiaiucter  asd  Properties 
OF  THE  Gastric  Jcice. 


TUn  Tt«WB  of 
tl»  indvuti. 


From  fLO  early  period,  full  impoitance  bas  been 
attached  to  the  stomach  &s  the  chief  organ  engaged  ia 
the  process  of  digcsuoa.  Hippocrates  likened  lliis  process  to  oneW 
coctioD,  7r(-^i7.  the  cliaugos  lu  the  alimeots  beiug  brought  about 
maialj  bjr  ttiu  actioD  of  beat;  an  opiuiou  which  was  afterward* 
advanced  by  Asclepiades,  and  by  otherti  -who  lived  Dearer  to  our  own 
times.  Home  however  assimilated  the  process  to  putrefaction;  otb«n 
explained  it  as  eDtirely  mechaaicaJ,  foreshadowing  the  vie^va  which 
aJ^rwards  received  fuller  development  at  the  hands  of  the  disciples 
of  the  chemical  and  mathematical  schools  of  phj*siologj'  aud  m«dt_ 
cine. 

We  may,  fnllowing  BI.  Milue  Edwards',  quote  the  following  ■_ 
from  CelauD  as  giving  a  summary  of  the  views  of  writers  antecedeol 
to  Galen. 

"  Ejc  quibiirt,  quia  maxima  perlinere  ad  rem  concoctio  vjdctur,  bvic 
pottminiuiii  iiislstiint;  «t  iliicc  alii  KrasistrBto,  t«7ri  cibnm  in  Tdntre 
cotitendunt :  tilii  Plietonico  Fnix«gorae  discipulo,  putreseei'e ;  alii  (;n>dunt 
H i)>pi>crati,  \ivr  Cfl-loteni  cibo8  concrrqui ;  ac'^uuttjuv  AjHclcpindis  acmuU. 
qui.  omuiu  i»ta  vhiiu.  ni  sii]H^rvitcun  tinac,  proponuDt :  nihil  ouim  ooncoquJ, 
Bed  cnidam  mfitei-iaiu,  tiicuC  a&&timpia  eat,  in  corpus  omne  diduci*." 

It  is  probable  that  iu  this  passage  CvIhuk  attributes  to  Ascic 
views  which  he  did  not  hold,  and  that  the  views  of  the  bahioc 
physician  of   Rome  were  similar  to  and  possibly  suggested 
adopted  by  Cicero,  with  whom  he  was  on  terra*  of  intimacy,  and 
who  expresses  himself  concerning  the  nature  and  ends  of  the  digestive 
process  in  the  following  most  luniinmia  manner, 

"In  alvo   multa   sunt    minibilia  pffocta; est  atttem   multiplex  ft 

tortuoaa  &rcetqu«  et  contLaet^  siv«  illud  aridum  «t  fiive  unudam,  i^aod 
n-ripit.,  ut  icl  iiititHri  et  concoiftii  iioiiait;  eaque  turn  utrui^tor,  luiu 
n'lHxntiir  utfjiii^  ouiae,  quod  accipit,  cogit  «t  confiindit,  nt  facilo  et  calore, 
<|uem  multum  liabet,  et  toreodo  cibo,  oC  pi-aeterea  epiritu,  omnia  cocta  af 
cotifeota  in  reliiiuum  corpus  Jivid&atur*." 


lepiade^l 
liional^H 

d  tb^n 


^5^ 


Thu   author  appends   the   following   literal   traoslatiou   of  Uib 
interesting  pajisage : — 

"In  tbu  idiiiictLtary  ciiuat  many  wondvrful  acts  are  e£rect«d: for 

it  preuentB  many  folds  and  is  tortuaua,  nnd  encloses  and  rtrtaiiu  that 
whub  it  r«ccive9,  be  it  dry  or  moist,  la  order  tliat  it  may  transform  aad 


'  Uiln«  Gdwtirif,  Lt^;cru  lur  la  PhgaiolajfU.  Vol.  V.  p.  SSS. 

*  A.  Corn.  CelHi,  Mrdifiiiur,  Libri  octo,  Lib.  t. 

■  Cioero,  De  Hatvra  DeoTvm.  Lib.  ii.  C^p.  liv.  |  1S6  (ptkgt  69  of  Tit.jm't  ZMinmi. 
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digest  it ;  at  oo«  time  it  oontrncts  and  at  another  ral&xes,  and  it  ^thors 
»od  fu'Wd  t'JKttlKir  idl  vhioh  it  rec«ive«,  in  ord«i-  tliat  b;  tliv  limt  of  whivh 
il  luu  mucli,  Uy  a  process  of  ^ndinj^,  ftud  furthsr  hy  its  vxiudAlion  (or 
spirit)  all  tfainga  b«iug  digested  aiid  prepared  may  he  distributed  throughout 
tJie  rvst  of  the  Irody.' 

The  news  vt  It  Was  in  the  seventeenth  century  that  the  process 
-rrtte™  of  of  digestion  was  first  looked  upon  as  one  akin  to  fer- 
mentation. Johttn  Baptista  van  Helmont  (boro  1577, 
died  IC+t),  who  in  spite  of  the  visionary  oature  of  his 
views,  lias  the  merit  of  having  been  one  of  the  earliest  t->  shake  the 
artiticial  fabric  uf  medicnl  dugiait  which  hud  stuixl  siiin.'  the  time  uf 
GaIvr,  am)  which  was  ao  soon  to  fall  through  the  efforts  of  the  workers 
of  the  seventeenth  century,  finit  introductsd  the  idea  of  /ermentiUwn, 
at  explanatory  of  digeative  action. 

Under  (he  influence  of  the  archau* — as  he  termed  the  igtal 
principle  which  presided  over  the  proceaseH  of  the  organism,  shaping 
itn  elements  into  the  various  forma  of  matter  which  compose  ita 
ti)wui>!t  niid  organs,  there  is  genemted  in  the  stomach  a  ferment, 
whereby  on  acid  i«  produced  which  brings  about  the  solutjou  of  the 
food.  Having  att«>mpted  to  prove,  by  argumeut,  the  insufllicieocy  of 
the  explaDution  that  digeatiou  was  bn>ii^ht  about  through  the  in- 
fluence of  the  heat  uf  the  etoinaeh.  v.  Helmont  dwells  upon  the 
properties  of  his  *  fernientnm  acidum;' — 

*Xoi)  est  ergo  ealor  digMtionis  author,  aftd  ent  alia  fiaeultos  ijuiodaia 
vitalis,  quie  vorc  atquc  fvrmalitcr  niutat  aUmenta.  Eamqiie  fennentonim 
nomine  designavL  Sunt  aut«-m  phirima  fernienta  in  nobiR,  proul  de  dig«ft* 
tionibus  mux  explicalx)'.' 

That  mere  acidity  was  not  sufScient  to  explain  the  digestion  of 
the  conatituenta  of  food  was  known  to  van  Helmont,  an  i»  shewn  by 
the  following  passages : 

'Nun  est  aut«in  fcrtu^ntiim  istiid  dii{cstiviim  in  sola  ocidit&te  aHqnali 
sitnni.  Ncquc  eiiim  acelum  vel  jiia  ritri  farinam  fermeutaC:  into  nee 
farina  fcrmeutata,  vni  pruin(l«  fernieiittiiu  Ktoniiichiciim:  sod  hoc  est  acidum 
esurinuni,  stotiULchtciim,  spccilicum',* 

Haring  tried  to  oxphun  that  this  ferment  must  differ  in  different 
i-animab  since  the  desire  for  and  uhility  to  digest  Uifferont  kinds  of 
Tfood  in  various,  he  deBnus  hii:  ferment  as  follows : 

*Keriiientum  vrgo  digeulivum,  e-st  propnota^  «wentialis,  consUtons  in 
vitali  qundaia  acidibatn,  ad  transmutatiooca  piitcns :  ideoquc  et  Rpecifica 
jiroprietatia*.' 


*  Tan  Helmont.  Oritu  itnUciiter  i<t  M  hitia  Phiftka  Jnatvtila  Frvarrtnu  Mnii' 
eim^  itavm.  Bdcolo  AothmiH  Qlio  Kranoisoo  Hsnono  Vu)  BdinoDt.  Biitiu  ^usrU. 
LAgdoai,  1407.  Itcfvi  t«  Chaptar  cotiUvd 'CalorsffteiMitW  aoD<ligcrit,  aci  et«il«ttre' 
if.  190,  pusgnpli  aO). 

'  V.  Htlmont.  hv.  tit.,  parsg.  SS. 

*  tbii..  pang.  M. 

a.  S 


VIKWS  OK  TUE  UTKO-CHKSUSTS  ON  DIOESTIOK.      [firwK  a 

F.  Da  !■  Boi  The  idea  that  digeetiOD  was  a  process  akio  Lo  fcr- 

SylviiM.  mentation  was  advocated  by  tlie  celebrated  F.  De  le  Birf 

iSylviusfboni  161 4.  died  1672).  Professor  of  Medicine  in  tbaUnivenitf 
of  Loj'den,  one  of  the  most  celobrated  mediail  teachers  of  his  Jge, 
and  iiiv  chief  rcproamitutivu  of  the  iatro-chcinicul  schooL  Whilst  t. 
Helmout  had  used  the  term  fenueutaiiou  to  dusii^uate  Auy  cbeniktl 
operation  which  appeared  to  him  utttjriy  incxpliuiblc  aud.  csscntiallT 
associated  with  vitality,  Sylvius'  hy  referring  to  alcoholic  aud  acelouf 
fermeQtatioua  loads  us  to  conclude,  that  those  were  types  of  tha 
procesRes  which  he  believed  to  occur  in  the  alimentary  canaL  Then 
IS  no  evideuce.how^ver,  of  any  original  obeen-ations  made  by  Sylno* 
in  reference  to  g'astric  digestion,  and  on  thix  o-'i  on  all  other  matten 
he  wrote  so  as  to  cause  us  to  marvel  that  the  crude  dognas  and 
ridiculous  jargon  of  the  ialrt]*cliemical  schuol  should  even  lor  a  time 
have  held  sway  in  the  (Bcdicol  world. 


DescarteB 


Absurd  though  they  appear  to  u«,  many  of  ifa* 
doctrines  of  the  iatni^chemical  scliuul  received  the 
Kitpport  of  such  men  as  the-  great  mathematician  and  philoisophet 
Hi'iii;  Descartes  (born  \hdQ,  died  IC50)  and  our  own  anatomirt 
Thc>mafl  WlUis  (born  1621.  died  1673). 

Descartes  believed  that  an  acid  of  extreme  poteocy,  oompW' 
able  to  nitric  acid,  is  genemted  in  the  slomnch,  as  a  result  of  » 
peculiar  fermentation.  Willis,  who  iu  spite  of  his  choruiighlv  .sound 
anatomical  traiuiug,  was  a  crL-diilou»  adherent  of  the  iatro-chetuical 
huul,  ulao  spucuhtled  upon  the  existence  of  an  acid  femieut  in  the 
'iDat;lL 

n^w.  Although    uucouQcctod  with  the  school   to  which 

reference  has  been  made,  the  name  of  the  observaui 
Nehemiab  Grew  (bom  1628,  died  1711)  must  be  mentioned  amongst 
thuHc  who  iu  the  17th  century  wrote  concerning  the  nature  of  gastric 
digestion,  Unlike  those  whose  works  have  been  referred  to,  Orew' 
wrot<,H  very  briefly,  but  his  writings  mainly  connLsted,  as  waB  higwent, 
of  the  records  of  his  own  observatioaa.  though  he  could  not  resist  the 
tendency  of  his  age  t-o  speculation.  lie  noticed  the  existeuco  of 
glaude  in  tbe  mucous  inunibrauc  uf  the  stoirioch  : 

<  By  tiie  joynt  assUt&nce  of  the  glandulooH  and  the  nervoua  mtmbnuiM 
tlie  biiBiuess  of  cbyliBciitioa  bckuih  to  be  [ifrforuitid.  The  mucous  excwf 
went  of  tliu  Tiluod  mipptied  \ty  the  foiiner,  uh  an  anunal  corroeuve  prep*rin^ 
aud  thu  excrement  of  tlie  nerves  by  the  latter,  as  an  animal  ferment  jter- 
fectiujj  the  work,* 

>  F.  D.  Sylv'd  Opira  omnia.  Rdilto  nova.  Ska}Wtt  ad  Rhmnnt.  ICAS.  Bafsr  19 
'DUputntiu  Meilicft  I.    ]>r  Ali mentor um  fetmSDMIoilS  in  vmthculo'  (p.  11). 

'  (jvBVC,  Tlu  Comparatii-f  Anatomy  of  Slimaeh mid  Qua  Arjniri,  being  itrrrat  Ifrlwn* 
rettd  brj0Te  the  Itni/al  Socitti/  in  (Ac  yra'i- 1676.  Loa>l«o,  prititvd  foe  the  kutbot,  IWl. 
See  *Un  tbo  uie*  of  the  ttonxLcli  of  •luadntpede '  (p.  96). 
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Bnwirhw  1°  strong  contrast  to  the  iatro-chemic&l  school,  the 

,  «f  tlw  1ku«-     mathematical   school   of  physiology    was   dcstiiied    to 
natbonutlAl     reodcr  great  and  enduring  services  to  science.     Obvi- 
ously, however,  its  methuds  vt-tc  uot  suited  to  throw 
full  light  upon  the  essential  proeesses  of  gastric  digegtion. 

Iguoraut  of  tbu  lutidaniuntiil  factfl  of  chutnical  ncicncc,  the  iatro- 
chemuiu  hud  attempted,  but  in  vain,  tu  explain  the  functionH  of  tho 
body  entirely  by  reference  to  chemioal  operatiooa — the  actions  of 
acids  aiid  alkalies  and  fermontationit,  Sn'.  Tlio  futility,  nay  tho 
absuTiiity  of  their  attempts  had  tardily  forced  themselves  upon  the 
iiiindu  of  men,  .and  there  arose  a  school  which  attempted  to  explain 
all  tbe  pbcDomeua  of  the  body  upon  luechanical  priuciplen. 

The  muscular  gizzard  of  birds  had  stiggosted  the  idea  that 
gastric  digestion  did  uot  consist  in  u  uiuceratiou  of  the  food  under 
the  influence  of  boat  and  moiBture,  aa  tlm  father  of  medicine  had 
imagiQed,  nor  of  a  fomicntAtion  Auch  aa  v.  Ilolmont  and  Sylvivis 
bad  written  ab<jut,  but  of  a  brealcing-iip  of  the  particles  of  food  by 
mechanical  action.  These  muscular  morements  of  the  gizzard  had 
been  attentively  studied  by  the  philosopiiers  of  the  Florentine 
.Accademia  del  Cimento,  amount  whom  was  tbe  distiugulshed 
naturalist  and  phrsiciau,  Redi  (boru  1626,  died  1C9S).  and  their 
results  hod  been  placed  on  rccoixi. 

The  chief  of  the  iairo-matUematical  school  was  unqueMtioiiably 
Borelli  (born  ICOS,  died  1679),  whose  investigationa' on  the  mecha- 
nical functions  of  the  budy  must  secure  for  Mm  the  respect  and 
gratitude  of  physiologists  of  all  ages.  Borelti  is  said  by  spreogcl' 
to  have  advanced  a  purely  mechanical  theory  of  digestion.  Such, 
however,  was  not  tho  cose.  Alter  describing  the  mechanical  pro- 
cesses l^*  which  some  animals  comminute  aud.  as  he  thought,  di- 
gested their  food,  he  rofor«  to  others  in  which  another  procesd  is 
superadded  : 

t*  U«o  aaiinalia  f«naento  quoijue  validiaeituo  carnes  et  ossa  consumunt 
Itse  MMnia,  ac  ttqtsm  corrosira-  m«talla  curi  odunt,  vt  diasolTiiiit.  TalU  |)orm 
Hnecus  oon-oaii'ua  insrillntur  a  glHiidulia  oorrosivis,  ijuiliiiH  Mieuibraiio«a 
reutriculi  aulmtjititia  iiifaicta  est,  ut  tividentiasimc  obecrvavt  in  v«ntrioulo 
Delphini,  cujua  glanctuln  a(luio<liii)i  cnuuw  ot  prominentes  Nint*.' 

Borelli  thus  more  clearly  enunciated  the  oxiatcucc  of  a  gaiilric 
juice  and  its  relation  to  the  glands  of  the  stomach  than  any  of  liiit 
predecessors. 


I 


>  Bonlli.  'Dc  Mota  AnitiMliaia.'    Oaui  PtfUmmum.    Bonw,  IfiSl.  _ 

*  'Dor»lli  tipli>{UMt  lioii  plu*  mMuuqnoDiMil  lo«  koIim  foiwtionii  du  oorf, 
Nona  ftTon*  (Uja  vti  qiwIlM)  At&iont  m*  idiM  KlKtitanwnt  A  1&  torea  dn  ecenr  ei  ao 
Hiliaiiiainii  da  ]*  mp intion.  8a  ihiarit  do  U  digDilion  o'^Uil  paa  moint  eMtfoma 
an  prinoipMt  dm  utro.tD&th^Btioie&«.  II  oominnit  I'eiitoniac  da  Vhonmw  k  Mini  da 
lUflfniM  oiaaam,  «l  it  m  ^valuali  U  foioe  i  un  poidi  ile  mille  troia  oanl  Bini]iiu)t« 
Uttm.*    SivraKcI,  UitiDire  de  la  Mfiifcine.     Frenofa  edition.  14IS.     Vol.  t.  p.  Hi, 

*  BonUi.  Op.  eii.  Vol.  II.  Pcuji.  clusis.  pp.  304  ftiid  89S. 
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Tll«ip«ciiU- 
ttona  of  Plt- 
ealia. 


irUeb  pc*- 
VftlLtd     u    to 

cubic     dlfOB- 

tton  la  tlift 
middle  of  Uia 
ITUi  oenlu]'. 


Til*  dliM- 
TWtlH  at  Rten> 
mnr. 


U  a  apecimcQ  of  the  alMurd  oae-sidcdDess  of  cetuio 
of  the  followers  uf  the  iatrci-matlietnatioil  school  be 
sougfat  for,  it  will  bo  found  in  the  essay  of  I>r  Archib&ld 
Pitcairn,  in  which  he  sought '  without  the  assistaoce  of  a  DsemoD  or 
a  Stygian  LiquoT,'  to  explaiD  gastric  digcBtioQ  as  e&tircly  dne  to  the 
triturating  action  of  the  coats  of  the  stomach,  tho  power  of  vhote 
muscular  walls  ho  eetimated  as  equal  to  13051  pouDOs'. 

In  spite  of  the  writiiign  to  which  reference  has  bets 
made,  toe  opinionB  of  scientific  men  were  altogether 
divided  on  the  question  of  gastric  digestion  until  the 
middle  of  the  last  ceiiturj-.  How  far  the  process  wu 
due  to  the  mechanical  movements  of  tho  stomach,  or 
the  result  of  meit!  macemtiou,  or  to  any  special  aolreal 
iigGiit,  bad  yet  lo  ho  determiued,  and  the  solution  of 

these  questions  had  to  be  obtaini^  by  patient  observation  uf,  and 

experiments  upon,  living  creatnree. 

The  French  naturaJist  IWaumnr  (bom  1C88,  iK«d 
1757),  after  mimy  experiment*'  which  had  led  to  nega- 
tive results,  experimented  upon  a  tame  buzzard',  which, 
like  the  hawk,  owl,  and  other  birds  of  prey,  regurgitates  thoso  paib 
of  its  food,  such  as  f(*atliers,  buues,  &.c..  which  are  indigestible.  To 
this  bird,  Rifaumiir  adniini8tcro<i  small  tnctoUic  tubes,  containiof 
various  articles  of  food  :  the  tubes  were  closed  at  one  end  and  ooverM 
by  mUBlin  at  the  other,  bo  rs  to  preclude  the  possibility  of  trituintioD 
and  yet  permit  of  the  gastric  juice  exerting  its  solvent  action. 

When  meat  was  unclosed  lu  the  tube  it  was  found  to  be  digested 
after  some  hours;  if  the  period  which  had  elapsed  since  ita  iotio* 
duction  had  not  been  sufficient,  the  surface  was  found  softened,  whilst 
lh«  iiit^eriur  reraainwl  intact.  Not  merely  wsk  meat  cap:ible  of  com- 
plete digestion  when  exposed  to  the  action  of  gaatric  juice  in 
these  tuoes,  which  protected  it  from  tti«  mechanical  action  of  the 
Stomach,  but  even  bone  was  softened  and  dissolved. 

In  order  to  obtain  some  of  the  solvent  which  efTected  these 
chemical  operations  Rtiaumitr  placed  pieces  of  sponge  in  his  tubes, 
and  on  their  rejection  waa  able  to  obtain  from  them  a  fluid  of  add 
reaction,  possessed  of  antiseptic  proportion,  to  which  he  caUed  atteo- 

>  Tht  Wholi  Work*  oj  Dr  ArchibaU  Piteatm,  •£«.  Done  from  the  Lfttin  ongiati  b* 
CkoiscS^well.  M.D.and  J.  I.  Desii^Uen,  D.D.iinaF.B.S.  Hrd cdilioo.  Loados,  I7M. 
KefiT  ui '  A  LilBHrrUlioD  upon  Ihe  ination  which  reduoes  ths  aliiDsnt  in  tb«  stomaeh 
lo  n  fonii  prvi-ui  (ut  thu  ihiiijIj  of  the  EjIimO.'  p|).  IDfi— liia  HUiun)  wu  t>am  la  16S3 
anil  diiKl  1713.  In  Uiitl  lie  ittta  appoiiitol  rrufaiBor  »t  Mi^i«iut^  tu  the  UDivcrnhof 
Ijt^dcu,  aa  ofliM  whiob  Lc-  bcid  fur  u  viu^lo  v«bi  in  ordei  to  ruiuni  to  Soolluid,  wMrt 
bo  bc«»Di«  ■  Profamor  ia  the  Uaivisrioty  of  bdinbiirKb.  H«  u  rvfcrrvd  to  M  hanitf 
been  one  of  the  t«Mhor*  at  Boit)uuiv«. 

*  BAtmnnr,  *8ur  Ia  di^atiun  dfiii  oimkhs'  (promin'  tadmoinj,  Mim.  it  FJctid.  da 
Stinuu.  nsi.  p.  260. 

'  B^nnitir. 'Sui  It  diffntion  d^  oiaraiix  (uroond  m^oin):  Dt Is nunih*  doot  dk 
K  Tait  dam  rofltomM  dc<  oimaui  do  pioio.'  iltm.  de  I'Jcod.  dec  SeUnea,  IttH 
p.  461. 
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iioo,  but  with  vhicb  be  was  unable  to  effect  diirestioD  outside  of  the 
bodv. 

R^aunmr,  whilst  convincing  hioiself  that  iu  certain  animals  a 
chemicnl  eolvent  plays  an  important  part  in  the  work  of  tho  stomach, 
WAS  perplexwl  by  the  fact  that  wgetublo  food  ««cnpod  tlic  iriflucnce 
of  the  gaatric  juice. and  was  thus  preveuted  from  eatablisliiug  ibat  the 
MSential  oi  gastric  digestion  in  all  animali)  is  the  cbemical  actioD  of 
the  gastric  juice  upon  certain  of  the  constituents  of  food, 

ns  n-  "^^  diacoveriesof  B^auinur  constituted  an  important 

hkiAm  «f       step  iu  the  discovery  of  the  uatun^  aud  processes  of  the 
*"■■■■  gastric  juice,  and  the  Bubjoct  was  further  ehicidated  by 

Dr  Stevens, who  in  1777  presented  uii  Inaugural  Thesis  t*j  the  Univer- 
sity of  Edinburgh,  entitleil,  '  De  alimentorum  concoctiooe.'  He 
availed  himself  of  tho  prem^nce  in  Edinburgh  of  a  Hunsarian  who  was 
in  the  babit  of  swallovriag  stones  aud  regurgitating  them,  a  practice 
which  he  pursued  as  a  means  of  gain  by  public  exhibition.  Steveus 
caused  this  man  to  swallow  Utttc  silver  balls  perforated  like  a  sieve, 
constructed  so  as  to  be  fiUt-d  with  food  aud  then  cloned  by  scre^ving. 
Dr  Stevens  found  that  the  contained  aliment  vw  dissolved  and  some- 
times completelv  Jisapjieurtd,  although  prtitecled  from  the  influence 
of  trituration.  By  couatructing  a  silver  ball  with  a  median  partition, 
I  the  one  half  bein^  more  thiclcjy  studded  with  holes  than  tlie  other, 
and  filling  hoth  with  food,  be  found  that  it  was  most  rcadilv  dissolved 
to  that  division  which  containeid  most  npertureH.  AaditiDnally, 
Steveriu  obtained  the  gastric  juic«  from  the  stomach  of  a  dog,  and  he 
found  ttiat  a  piece  of  tnuat  was  digested  by  it  outside  of  the  sUtinacli 
in  eight  hours,  provided  it  were  placed  ia  a  vessel  exposed  to 
vwrmth'. 


SskUauuL 


In  the  ver>*  year  in  which  Stevens  presented  his 
thesis  ti)  the  University  of  Edinburgh,  tho  eminent 
Itsbau  naturalist  Spallanzaut  commenced  hia  splendid  investigations 
on  digentiuu.  These  investigations',  cxtondiug  and  corrobomting 
thoee  of  Kilaumur  aud  Storens,  shewed  conclusively  that  gastricjuicu 
was  capable  of  efiVcliiig  the  same  tranafbrmations  when  reiuuvvd  from 
the  body,  if  the  conditious  lor  its  activity  were  favourable,  as  iu  the 
ftomach  itself.  He  drew  full  attention  to  the  antiseptic  action  of  the 
SMtric  juice,  and  insisted  that  the  process  by  which  food  is  digested. 
ID  tlie  ttomacb  is  not  akin  to  the  '  alcoholic,  acid  and  piitretkctive 
fttttentaUoM.'  Without  knowing  the  cause  of  the  acidity  of  the 
gastric  juice,  he  yet  recognised  it,  and  assorted  that  the  acid  reaction 
ceases  when  digestion  is  completed. 


*  SUnvi.  /V  AlimttHurum  eoneoeliottt.  Bdia..  1T7T. 

'  BpallouiAui.  Krpfnruct*  tur  la  Ptortthm  dt  FHotimt  tt  ie  difffrmUt  <atr«f 
ir/lM)aM<M...Jrfr  dtt  ctmtiditativtu.  .}/u3tAa  Senebiwi  Uinlatte  de  I'BTUiyil*. BuUo- 
Ifarfoun  d«  U  Bfpubli'iu?  de  Ueuive,     A  Oiiiiiv«,  t7SS, 
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nui  t*-  Wtlb  Spallanzani  closes  the  earlier  faistorj  of  tbe 

■urcbci  whuii  researches  on  the  g^tric  juice-  After  him  cunie  "Hede- 
foiiowwi  thoM  iimiio  and  Ouieliii',  and  Lcurel  aud  Laasfugoe',  wbo 
Of  Sp«iUi>»iiL    atu(ji(jj  tb(,  acidity  of  the  ga«tric  juiw. 

Then  followed  the  claxsical  obst-rvati'imi  (1825 — 18S3)  of  Betv 
tnont*,  a  surgeon  in  the  Unitetl  States'  Army,  made  iu  oonnectioo 
with  the  case  of  Alexis  St  Martin,  a  patit-nt  in  whom  as  a  re-'nilt  of  k 
gim-shot  wound  a  gantric  fistula  had  becuiae  established,  wliieti 
allowed  both  of  the  collection  of  gastric  juice  and  of  the  obaervaiica 
of  the  proce38(«  which  go  on  within  the  stomach. 

Eberlc*  in  1834,  aiinouuo-'d  the  iiitereatiog  fact  that  hy  acting  upa 
the  muct>u»  membrane  of  the  stomach  by  means  of  dilute  bjdruchlurie 
acid,  an  arti6cial  gastric  juice  can  be-  obtaiucd,  with  which  food  msv 
he  digested  as  by  the  natural  gastric  juice  expfrimeiiwd  upon  b; 
Spallan&ani  and  Beauraont.  Hoirn  afterwardfl,  Schwann'  came  to  the 
conclusion  that  the  gastric  juioe  owed  its  peculiar  activity  to  « 
principle  wliich  he  deuominated  Fepsio,  although  he  waa  unable 
separate  it 

ThcBc  and  all  sul^suqucut  researches  will  be  referred   to 
in  detail  iu  the  secttoun  which  follow. 


Sect.  3.    Methods  of  obtaining  Gastric  Juic& 


We  have  seen  that  Reaumur  and  Spallanzani  obtained  small 
quantities  of  gastric  juice  by  cnu.^ing  animals  Ut  swallow  hollo* 
perforated  balla  which  contamed  pieces  of  sponge.  The  spoogt 
absorbed  gastric  juice  which  was  secreted  under  the  stimulus  of  th« 
foreign  body  thus  iutnxluced  iuto  the  stomach,  and  by  squeezing  the 
sponge  chc  juice  was  afterwards  obtained. 

Other  experimenters,  as  Ticdcmann  and  Gmelin,  obtained  small 
quaDtitie«  of  gastric  juice  by  causing  fasting  animals  to  swallow 
uuoluble  bodies  such  as  pebbles,  and  killing  the  auiuial  shortly  after* 
wards. 

By  these  methods,  observations  of  very  great  importance  were 
unquestionably  made  ;  yet  they  wore  not  sufficiently  striking  to  ooa* 
vince  all  doubters,  as  may  be  prored  by  quoting  a  [tassage  from  a 
memoir  of  Schulu*.  a  Professor  iu  the  University  of  Berlui,  who  in 

>  THNleraoiin  tt.  Gnolio,  Dit  ftfAunatg  luuh  Vfrt»eltm.    BtiAtlbmm  tL  LiiM|a 
IS39. 

'  Leurat  et  I«aaugiN,  fttehfrchf*  rur  la  IMgMUm. 

*  W.  B«aanioilt<  Erftrimtuu  «•■(  Otwmmrioru  011  iht  Qattric  Jmict  ami  tke  fkfiia- 
ly  of  DiMtiom,    Bvprist 
CoaU,  UJ>.,  B<tiD.,  ma. 


hff  of  OitfwttoN.    Bvpristed  from  ibe  PUtubutsh  ediliou,  witb 


lijr  Ani 


P- 


*  Ebci]«,  Ph^tieJi^git  ilrr  f'trJauHHf  iwcA  Vtrrutlun.    Vianbirg.  19U. 

pp.  90— IM. 

*  ScbnlU,  JM  AUmentontm  cimeoelioiu  ezpmmmta  ntfra.     Tb«  anthcn  ha«  aei  I 
abU  lo  TcrUy  ihia  rderaaoe. 


I 


» 


1834,  pronounced   himself  in  reference   to  the   soood   opinions   of 
fWAumur  and  Spn-llanzani  115  follows; 

"OmniB  KeAnmiirii  atqiiB  Spallnnzani  opinio  do  ruoco  gastrioo  nihil 
uisi  vaau  tiypotbcwiu  vidctiir,  titpot<;  cum  uSbctus,  qiioa  bucco  gaslrico 
imputATeranl  »oU  potiiui  sali^n.-  tribucndi  Bint." 

All  doubt*  were  however  ifispelled  lis  to  the  essential  part  played 
by  the  gastric  juice  in  digention  when  it  became  possible  for  expe- 
rienced obaorvers  actually  to  inspect  the  interior  of  the  linng 
stomach,  to  observe  it  under  various  conditions  of  rest  and  activity, 
And  to  follow  in  situ  the  digestion  of  ftlimenta  which  they  piirpoecly 
iDtrodiiced  into  its  interior. 

Oastric  Fislulcs  eslttbUahed  hy  tt-ccident  in  Man. 

n»  otwr-  ^^  *'^^  ■^^^''  '**22,  Dr  Beaumont,  a  surgeon  in  the 
TKitons  of  Dr  military  service  of  the  United  States,  had  undfir  his 
Seftumimt  oa  carc  a  young  man,  Alexis  St  Martin,  wlio  had  beea 
bU  iMU«ni,  aecidtu tally  wounded  by  the  discharge  of  a  musket. 
AJCTU  s%  M«-  jij;,  charge,  consisting  of  powder  and  duck-shot,  WM 
received  lu  tJie  left  side,  the  man  Wiug  at  a  distance 

..of  not  tnoi'c  tliao  one  yard   from  the  uiuszlo  of  the  gua,    "  The 
_  itcuts  entered  posteriorly,  and  in  an  obIic|i]t'  direction,  forwanl 

'^d  inward,  literally  blowing  off  Integuments  and  muscles  of  the  size 
of  a  man's  hand,  fracturing  and  carrying  away  the  anterior  half 
of  the  sixth  rib,  fracturing  the  fifth,  lacerating  the  lower  portion  of 
the  left  lobe  of  the  hiug.  the  diaptimgiu,  and  pt?r(brating  the 
ctomach."  Aft-er  a  most  tedious  and  interrupted  convalescence,  the 
patient  recovered:  there  remained,  however, a  large  fistulous  aiwrture 
some  inches  below,  aad  a  little  to  the  outside  of.  the  left  nipple.  Tbia 
aperture,  which  mea.sured  about  two  and  a  half  inches  in  circum- 
ference, at  first  allowed  the  contents  of  the  stomach  xc  escape, 
unlem  when  occluded  by  compresses  and  bandages.  Ultimately  a 
prolapsed  portion  of  the  mucous  membrane  of  the  stoinach  came  to 
ftct  OS  a  kind  of  valve  which  prevented  the  efllux  of  the  gastric 
contents,  but  yet  was  easily  d^preusud  with  the  finger. 

Having  done  all  for  St  Martin  which  surgical  skill  and  tac't  enuld 
accomplish,  Dr  Beaumnnt  conceived  the  idea  of  utilising  hi.<(  remiirlc- 
able  patient  for  the  piiqioses  of  science.  Accordingly,  taking  the 
man  into  his  own  house  tis  a  Kervimt,  ho  undertook  seveml  sets  of 
observations,  only  commencing  the  fir-st  of  thera,  however,  when 
St  Martin's  health  had  been  completely  restored.  The  first  series 
«>r  obscrratioiis  was  cummunccd  in  the  mouth  of  May,  1825,  that  is, 
nearly  threo  years  after  the  infliction  of  the  injur)',  and  this  was 
followed  intemiittingly  by  other  obKcrvationis  of  which  the  latest  was 
performed  in  1833.  The  results  of  Beaumont's  ubservatiitmtt  were 
mcorporatcd  by  hitn  in  a  work  published  at  Plattsbuigh  in  that 
year- 
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The  facilities  afforded  bj  BeaumoDfe's  patieat  for  sjrstematic 
observatioiia  on  gastric  digestion  will  be  appredated  hy  a  peranl 
of  the  folloning  qiiotatioos ; 

"The  vatve,  tncntioDcd  aWvo,  is  formed  by  a  sliKbtljr  iorcrtcd  fortMi 
of  the  inner  c««U  of  the  stomach  fitted  exactly  to  fill  tlic  nprrtnir.  lb 
principal  and  niORt  ext«rual  sttadinieDt  iit  at  the  u)>por  funl  puct^rior  Mgir 
of  the  opcaiiig-  It«  frrc  portion  hatiifs  {vcndulotUi  and  fills  the  apcttun 
when  tbo  stumncb  is  Call,  and  pla^-s  tijt  and  dowD,  Bimnltancwuiily  with  tkr 
nspirntory  musclea,  when  empty." 

"  On  pmnng  down  th«  ▼tUre,  wb«n  the  itomKdi  i»  full,  the  conteots 
flow  out  copicnudy.  When  the  utotOMli  is  nenrly  i^oipty  and  qaieaoefit, 
thf  interior  of  the  cavi^  may  be  examined  to  the  de|Ah  of  five  or  cJl 
vnoh<«,  if  kept  distended  by  artificial  means,  and  the  food  uid  drinks  mty 
be  seen  viit«ring  it,  if  swalluwrd  at  this  time,  through  the  ring  of  thi- 
(KBopbajfUB.  The  perforation  through  the  watU  of  the  stomach  Is  abow 
tbr«<  inches  to  the  left  of  the  cardia,  near  the  left  saperior  tertninatios 
of  the  groat  curvature.  Wl>cn  biitinijv  umpty,  the  eioaiBch  contracta  B]>oa 
itself,  and  aometiuK'v  foram  the  valw  through  the  orifice,  together  «itli 
an  additional  jwrtion  of  the  miicoua  membnuie,  which  becomes  complelelj 
invert^,  aud  forum  a  tumour  aa  large  m  a  heu'a  egg.  ASUir  lyiojt  on  the 
left  side,  and  sK-vpiikg  a  f*-w  bouts,  a  still  larger  portion  ix^otradcs,  aiul 
epreads  out  over  the  external  integuinenu,  five  or  six  ineliea  in  inivum- 
fcrenoc,  fairly  exhibiting  the  iiatund  nigie,  vilioua  nembrane,  aod  mocoiu 
coat  lining  tlie  gaatric  cavity.  Tliis  uppeamtiM  in  almoat  inrariahly 
exhibited  in  the  tuoniing,  before  rising  from  hia  bed'." 


"  Modi  o^Mctroolm^  tU«  Gattrit  Juiee,  The  usual  method  of  exlractiux 
the  gaatric  jotce,  for  experiment,  is  by  placing  the  subject  on  his  right 
side,  deprcAung  the  valre  within  the  aperture,  introdwdng  a  gum-elaMic 
tube  of  the  sixo  of  a  large  quill,  five  or  Jtix  incbt*  into  tbo  stomach,  and 
then  tiimin);  him  on  the  left  side,  until  the  orifice  beoooMa  depeialent. 
In  healtli,  aotl  wheu  hve  from  food,  the  iitoroacb  ia  umaHif  entirely  emptj, 
and  contract*;!]  u)H>ti  itself.  On  introducing  the  tuba^  tiic  fluid  Ho-tn  l^^nn 
to  flow,  first  by  dropa,  then  in  an  interrupted,  and  sotnctimm  in  n  sbtni 
continuouH  atream.  Moxing  the  tube  about,  tip  and  down,  or  backwards 
aod  CbrwardB,  increases  the  diacharge.  The  qiuLutity  of  fluid  ordinarily 
obtained  is  from  four  drachnis  to  one  aud  a  Italf  or  two  ounces  (from  about 
14  to  56  grammesX  varying  with  the  circumatanoea  and  condition  of  the 
stomacli'." 

We  shall  have,  in  the  sequel,  to  refer  again  atid  again  to  this 
very  remarkable  case,  the  observation  of  which  proved  so  fruitful  to 
science,  merely  remarking  that  no  case  of  gastric  fistula,  whether 
established  in  man  or  the  lower  animals  by  accident,  dUeaee,  or  hj* 
the  experimenter's  knife,  ban  ever  afforded  such  admirable  opportu* 
uittes  tor  study,  for  tt  occurred  in  a  man  of  rcroaricable  health, 
'active,  athletic  and  vigorous,  exercising,  eating  aud  drinking,  like 


'  Beaumont.  Op.  cil.,  p.  SS. 
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Other  healtb)'  and  actiro  people,'  and  it  ttid  not  raerclr  pennit  of  the 
withdrawiU  of  thw  gastric  juioe,  and  the  introduction  and  withdrawal 
of  cathtitom,  thermometers,  &C:,  but  also  of  the  ocular  mitpcction  of 
the  resting  &ud  secreting  organ. 

Since  this  6ret,  most  successfully  observed,  case  of  gastric  fistula, 
other  casGfl  have  occurred  of  gastric  fistula,-  in  the  human  subject, 
th«  stady  of  some  of  which  has  led  to  iuiportant  exteiiaions  of  our 
IcQOwledga  Especially  doc<8  ilii^  remark  apply  to  a  case  of  gastric 
fistula  eatablishcd  by  M.  Verneuit,  in  a  boy  in  whom  impassable 
stricture  of  the  ojeophagus  came  on  as  the  result  of  Bwallowioy 
a  caustic  alkali,  and  wbich  has  bei'n  subjected  to  elaborate  litudy  by 
Richet';  this  case  presented  the  valuable  feature  that  the  contents 
of  tiie  stomach  were  altogether  uoniixed  with  saliva. 

The  eatablishment  of  a  gastric  fistula  as  a  result 
of  an  accident  suggested  the  possibility  of  imitating  the 
process  by  art.  Accordingly  a  Rufwian  and  a  French 
observer,  Baasow',  and  Blonolot*.  almost  simultaneously 
made  the  attempt  ;  especially  through  the  systematic  and  succesaful 
experiments  of  the  second  of  these  observers  the  procedure  was 
carried  lo  great  perfection,  and  has  been  frequently  repeated,  many 
valuable  facts  having  been  discovered  in  this  way.  After  Blondlot, 
Bardeleben*,  Beroara*.  Bidder  and  Schmidt*.  Schiflf'.  Holmgren. 
Panuin'  and  Heidenhain*.  haMj  perfected  and  modified  the  method 
of  establishing  gastric  tistuW. 

The  foUowiDg  is  a  description  of  the  whole  operative  procedure, 
which  we  quote  in  the  words  of  Or  Louder  Brunton.  F.RS. 

_..  ^,.  .  "  The   object   of  makinE  a  iraatrio  fistula  U  two-fold  ; 

nuBtof  kfu-  ""'  ^  ootam  g«stnc  jmce  for  exnminaUoo;  and  HecoD'l, 
UU  Sttula.  t"   observe    tho   pnxtMs  of  secrvtion    within    tin-  slotuaih 

ibtelt 
"Tlie  mothoct  adapted  by  BaHaow'"  was  tiimply  to  make  an  moieion 
iu  the  aiNiomiiiid  parivUn*.  lo  new  tlin  stouiiicli  io  ihc  edgu  of  the  woudJ, 
mid  Uien  to  make  an  o|M<iuiig  In  th«  stoinooh  itself.  The  fistula  was 
pluggMl  with  B  ]tie««  of  sponge.  It  was,  however,  very  liable  to  close, 
and  waa  so  made  to  allow  the  interior  of  the  stoinacli  to  be  obeerveil. 
Blondlot  prevented  the  wouml  fi-oiii  gIimiiij;  by  placing  iu  it  m  canuulH, 
which    was  c1ose>d    by  a  oork,  so   that    the   gastric  juioe  and   products 


'  Riehel,  L<  nte  gattrtque  cffi  I'homiiu  rt  le$  anltivmr.     Paris.  187S, 

*  Bwwnr,  BuVetln  ilt  Itt  SoeUU  ^*  yatnntUife  dt  ilotcm.     Vol.  svi.  [1943). 
■  Blondlot,  Tmil/  <i'i.)tir(i4Vf  dt  ia  ilisifilian.     Pkrii,  1B43,  |i.  30-.t. 

*  Bard«I*h«n.  Arrhw  f.  phi/riot.  B*Ukun-U.  Vnl  vni.  f  tMU). 

*  A.  Bsraard.  L*^ni  ite  flij/n'oU>ft*  frpfnmmtaU.     Puis,  IHolt,  p.  MC. 

*  BiMn  snd  Solimidt,  Hit  Ventanttnijuii/tr,  p,  '^  ei  «Qq. 

'  8cbill.  Ltiyjn*  ntr  in  pkyiiuloijit  ite  la  digrnion.     P»ri«.  18(17.    Vol.  i.  p.  |5. 

*  Panum,  'Pojisia  uiid  ^hh-railialelAiileKnnti.'    Mal<r'«  Jahmheruskt,  V«l.  i.  p.  193. 

*  Bcidcnhaiti,  'Anivttong  von  Majtcnfialeln '  in  Henuann'i  Ilatidinich  Jer  i'ftytJo- 
ttfU,  V*I.  V.  Part  i.  p,  107  »l  «k|. 

"  B4M0W,  llulUlm  dt  la  SocUU  Jm  Saturallitft  lU  Mmrou,  Vol.  ivt.  (IHS|. 
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of  clig«8tJoii  miglil  uot  he  l(wl  (luring  the  interralii  belweGO  bis  olMon*- 
tiotui. 

"This  nieU«Kl,  ae  improved  by  EernBrd,  in  tbc  ono  mnidlly  etnplored. 
Beninnl's  ciuiniila  corwtHU  of  two  tubes,  eocli  of  wliich  has  at  one  etui 
«  Imutd  (laiigT'.  One  tube  screws  into  Che  otlier,  m  that  th*-  (lutuM_ 
bctweeii  tlie  two  flajiges  «ia  l>c  ftltjM«d  at  will.  Tliia  is  »ffect«d 
luetiiih  (if  a  kfv  wliioh  tits  on  Iwo  jitojectiDg  points  ia  tbc  innt-T  tulic( 
tvmsi  it  rriiiiK),  wliilu  tlio  outer  oilo  Ik  bnld  fast  hy  the  fiagen.  TIb 
advantage  of  this  form  over  a  simplo  tuhc  with  a  Hliiold  at  tifh  end  h, 
that  tlie  cicatrix  of  the  wound  ofteu  thickens  iii  healing,  and  if  the  tulM 
i»  not  projioriionjit«ly  IfiijjtliciKiJ  ifie  ovtwr  plat^  preaaea  oo  tlie  Bkin  and 
oftusrs  iilofinition.  Tbo  disitdvantagfi  of  Bflnmrd'a  cannula  ia,  that  it  il 
too  aniuU  lo  allow  the  interior  of  the  stomach  to  be  couvmuently  obwerveJ^ 
and  alhn,  1  t)iink,  that  the  ndgw  of  the  wound  comes  into  oontuct  wilfc 
till*  Kcrpw  of  th*"  innor  t>il<o,  i>nd  not  with  a  amootb  Burfiice.  Thnt 
dissdvautAjff^s  may  he  readily'  ohviated  by  incrL-iuing  tho  dtAiiiet«r  of  tlw 
tube  and  ihe  width  of  th*>  flan;^,  and  adiipting  a  kty  to  the  prnjrctiiic 
]>oint<,  liy  which  thr>  oiitnr  liilio  may  W-  plftcod  in  the  stomscli  and  turuM 
roQQd  aa  noceasary.     Such  a  cannula  u  nprtMcntod  tn  Fig.  6. 


Fia.  B.    CjLMXtii-*  iui;  U.\.kii;ic  FtsTtLi, 


Operation 
tor        faatrlc 

QstlllL 


"  Give  the  clog  a  hearty  maal,  «o  a«  to  distend  its  : 
completely  luid  innkc  it  lie  clo»c  ngninitt  the  iutoBtiiwl  valla'. 
AniBstJiRtiKc  thf  animal  by  chlorofonii ',  taking  tare  tlat 
llio  vapour  ifi  mixed  with  a  sufficient  propor^n  of  wr. 
I,ay  it  on  ita  back  on  the  tabid,  .ihiiv^  off  the  hair  from  lh«  epigutrk  and 
bypocliondriac  n>(cioiis.  and  remove  the  Imirs  carefully  by  a  sponge,  so  as 
to  prevent  the  rixk  of  their  getting  into  the  peritonflal  cavity.  Mak«  a 
vertical  incision  about  an  inch  and  a  half  to  one  ride  of  thn  liitea  aJh^ 
|nvferalily  to  the  lefk,  and  parallel  to  it,  rxU-nding  downwanls  from  llio 
lower  udge  of  the  caRt;il  cartilages  to  a  distance  sotuewhat  less  than  the 


■  UcidcnhBin,  wli<i  line  hnJ  f;»*t  «3p«ri>frnee  in  the  eBU>>lt«hment  of  (;artrio  fiMal*. 
prater*  lo  i>pc.iAte  apon  liwtia^  animiUs ;  his  ndviec  ^pvara  ta  tit*  aathoe  to  b*  aa- 
(jueslionabl^  ^oiini). 

'  It  U  preCcriLlnle  tn  HnwEthiiiixe  [he  uniinftl  liy  «  nulwutaneoat,  at  Mtill  battsr  In  as 
latravcnouH  injoctioo  of  tnncpliia  HMdenhain,  «h(i  ailftptsi  t)i>c  latbx  |ilaa,  finds  Uiala 
tnediuin  riud  dog  reqiiirc«  the  injection  of  4  c.«.  of  a  il  per  cent,  salotioii  of  moiphis 
(— O-OSgniL  of  moiv^iia). 
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iliunoter  of  the  Honge  of  t]iL>  cannula.  Divide  the  aiuflclen  par&llel  to  the 
ooune  of  their  Gbtvt.  Tim  «verjr  bleeding  point  before  npmung  the  |ieri- 
toaeum,  «o  tb«t  no  blood  ihall  ^ci  into  iu  cavity,  Opoii  the  jwritoncutn 
OD  a  director.  Lay  hold  of  the  etomach  wit]t  a  pair  of  arterj'  forcrpe 
at  a  point  where  thera  are  not  many  resfiels,  and  draw  it  forwardit.  Paitii 
two  llimid«'  with  ft  curved  nundle  into  tlip  j^atctric  walls  at  n-  distance  from 
Mcl)  other  about  equal  to  thi-  diaiu«t«r  of  tUo  tube  of  tlie  cannula,  and 
bring  them  out  again  at  a  siuiilar  diatanco  from  the  [xiint-s  Mrhpna  they 
were  intn^duceil.  Make  an  incision  into  tlw  gostrio  wnllx  Wlwcon  th« 
two  threads,  mthftr  short4ir  tlinu  th«  diduurWr  of  tbo  tuW  of  iho  oAiiuHlit. 
Put  a  pair  of  forcc|a,  with  the  blades  togctliL-r,  into  the  inciflion,  and  tlien 
dilate  it  by  «>|ianiting  the  blades  till  it  is  large  ennugli  to  allow  the 
Cimnulu  to  be  introduced.  Puxh  the  canimla  into  tlic  atomacb  »o  that 
the  outer  plate  lies  a^inst  the  cxtb-mal  abdominal  wall  Tie  the  stomach 
to  it  by  the  threuda,  and  then  pass  their  ends  through  the  edgi>«  of  the 
wound  in  th«  abdominal  wall  in  kucIi  a  way  as  to  fiutten  the  ittAnuuih  to  it 
Mid  at  the  sanjo  time  to  keep  the  cut  wises  in  ajipoititiDn.  No  other 
iQtare  ia  required.  Leave  the  cannula  uncorked  for  at  least  half-an-boiir 
aft«r  th«  operation  iit  finished,  for  whenever  the  dng  recovers  from  the 
diloroforiQ  it  will  vomit,  and  if  the  cannula  Ik:  corked  the-  fluid  contenta 
of  the  Btoinach  are  apt  t«  be  forced  pHst  the  aide  of  the  oatinula  into  the 
abdominnl  eavity.  Feed  the  dog  on  milk  for  one  or  two  dayn,  and  if  the 
operation  bo  perfbrmed  in  wiuU-r,  k<ic\t  it  tit  u  place  warmed  night  and 
Jay.  The  day  after  the  operation  the  edges  of  the  wound  will  he  much 
•Kwollen,  hut  tlie  awelling  will  snbHide  in  a  day  or  two.  After  the  wound 
liua  begun  to  heal,  the  cicatrix  mny  thickcii,  and  the  outer  plate  of  the 
ouiiiula  begin  to  preu  too  much  on  the  rim,  ho  that  it  ulcerates.  If  this 
should  occur,  the  canitnla  uiiiHt  )m>  lejigihenod  by  miscjitwing  the  two  tlatigex 
further  apart.     The  curniula  may  bo  closed  by  uii  iudia-rubboi'  Htcpper, 

■)r  by  a  cork In  order  to  collect  the  juice,  let  the  animal  fast 

for  aororal  hoort,  to  that  its  stomach  may  be  <|uite  empty,  but  not  for 
more  thao  a  day,  as  the  uiuooiu  membroiiu  would  become  covcr&d  with 
a  thick  coating  of  mucus.  Let  tlio  asaistunt  put  tti«  dog,  and  keep  it 
(jUtH;  witlidniw  the  cork  fi-om  tlie  cannula,  and  tickle  the  inside  of  the 
ttomach  with  n  feather  tied  to  a  glans  rod.  Put  a  itmall  beaker  underneath, 
ao  that  the  end  of  the  rod  rriHta  on  its  bottom  :  thegiwlrio  juici:  will  How 
into  it  down  the  sides  of  the  rod'." 

Various  cxix.Tliueiit<.'«  differ  on  tlie  fpifatimi  as  to  whether  it  is 
better  to  operate  for  gastric  fistula  on  animals  whilst  fiuting  or  with 
the  stomach  distendeil.  Of  recent  experimenters  Panum  has  JccEared 
him.<telf  in  favour  of  operating  when  the  Btt>mach  is  full :  Holmgren 
and  HtidenhtUD.on  the  cootmty,  operate  when  the  Htomach  is  empty, 
tho  fomic-r  distending  the  Ktronuich  with  air  by  means  of  nn  clnstie 
tube  introduc^tl  through  the  (esophagus.  The  operutioti  is  said  to 
be  more  successful  when  implicating  the  left  thao  the  right  half  of  the 
stomach. 

When  it  is  Btat«d,  in  eonclutnou,  that  the  operation  fur  gastric 


■ 


'  flataiM  oi  oarboliMd  uiffot  idioald  now  be  nsi-d, 

*  Bmiioak  for  the  Phgii^ioyicttl  Lalforatofy,  p.  477  «t  tq. 
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fistula  should  be  performed  with  natiscptic  precautions,  and  that 
in  cotlcctiiig  the  gastric  juict-  smne  experiraeolers  have  fouud  it 
ueeful  to  suepeud  tlie  anitnal  in  a  sUug,  the  render  will  have  been 
placed  in  poiuiession  nf  the  knowk-dgi.'  required  by  one  about  to 
make   an    iovestigatioD    necoasitatiDg  the-   eatablishtneDl    of  gastrie 

fistllliP. 

When  n  paslric  fistula  is  e<iLahli<<hecl  in  a  do";,  the  juioe  which 
flows  fruui  it  is  imtumlly  mixeil  with  saliva.  To  obi-iate  this  adtnii- 
tiire  some  experimenters'  established  »ilivar}'  fistulas,  so  as  to 
prevent  the  submoxillury  i»nd  purotid  secretions  from  entering  ihe 
stomach. 


Sect.  4,    The  more  obvious  PHEXoMiaA  attesuino  Secketios 

OF  THE  GaSTHIC  JflCE. 

7/i«  lujfueiice  of  the  yerootis  System  upon  it. 


TbB  tuttat 

pMl* :  It  con- 
tUns  no  (u- 
trie  Juic*. 


Ill  man  mid  many  carnivorous  animals  the  proottM 
of  gantric  digestion  is  one  whicli.  during  hcAllh,  onltr 
occupies  a  few  hours.  At  it*  completion,  the  stomach  ts 
found  quite  L-mpty,  the  pallid,  uuuijecled  mucous  mem- 
hrivnc  being  merely  covered  by  a  thin  layer  of  mucus. 
which  at  the  pyloric  end  usually  has  an  nlkaline,  and  at  the  cardiac 
eud  au  acid  reaction.  There  ia  no  accumulation  ol'  gaatric  juice  in 
tbt!  resting  stomach,  such  as  would  occur  if  the  gastric,  like  certain 
other  glauds,  secreted  coutiuuously. 


The  obaervatiotiB  made  on  thU  Bnbject  by  Dr  Boanraont  on  th« 
AIl-xik  8b  Martin'  iire  of  fnr  grt^at^r  viihie  than  tlitine  made  upno  dogi 
with  gHHtric  tistnlw!,  fur  thu  man  iu  Hjiite  of  hilt  Bslula  wa«in  a  tborouriily 
phyBiologicftl  coiiditioii,  wbilst  a  dog  with  a  cannula  in  mIh  haa  ipao  /mE» 
a  conntoiit  tttiuitilus  acting  a\iou.  th«  aloiuach.  It  is  in  this  uray  that  wv 
Kxpldiu  the  fact  tliwt  large  <|UHntiliett  of  giwtnu  juict'  h*\*r  lH-«n  fonod  ia 
the  etotuuch  of  a  dog  with  gaatric  dMtulw,  though  it  lind  Ihm>ii  fiistiog  for 
^4  Luiirs',  and  that  »uiue  obucrveiD*,  dniwiug  their  cuu<;lusioi>i(  lacrt-ly  traa 
the  cMse  of  do|^  witli  gtulric  lixlnlw,  have  uw<ii>i-ird  that  the  Mf<cr«tioa  of 
gaotrie  juice  like  tlmt  of  bile  m  a  (routiiiuoiiH  unv. 

From  the  fact  that  during  fasting  the  stomach  does  not  ooDtatn 
gastric  Juice  we  should  couclude  that  thesati^'a,  nhicliunquestiooabl; 
IS  constantly  being  swalloweii  and  passiuji;  into  the  stomach,  ia  only 
capable,  on  reaching  the  gastric  mucoua  membrane,  of  causing  the 


'  Budeleben.  and  Bidder  uid  Schmidl. 

■  TlieM  obMrvations  bavs  been  eooflriued  bv  tht  obMrratuin  ot  other  caaM  of 
llMlrio  ftdttila  iu  uiao.  Sm  E«id«uh»in,  Hi^nuaiiii'*  //omJt-'rrA,  Vol.  \.  y.  111  (foot- 
no  M). 

>  Heidenhftin.  UeraiaiiB  «  Haiidbueh.  Vol.  v.  (ISM),  f.  HI. 

*  Braua.  KckL&id*  Ileiir.  i.  Anat.  u.  Pliff*.,  VuL  ru.  (1876).  f. S9. 
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but    lUU    iMV- 

Mr,    Uie    pr«- 
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Dow  of  castric 


■teretionof  a  very  small  quantity  of  gastric  juice,  aooaclusion  which 
agrees  with  the  ouaorvations  of  Ueidenh»a. 

Whenever  a  foreiKii  body,  such  as,  the  hulb  of  a 
thermometer,  is  hrwuglit  Jii  contact  with  the  interior  of 
the  etomach,  the  mucous  membrane  is  seen  to  become 
turgid,  and  a  flow  of  gastric  juice  19  act  up.  The  sur- 
face of  the  stomach  is  seeu  to  be  coveied  by  "  iuimmor- 
abte  lucid  specks,"  which  seem  to  burst  and  "discharge  a 
limpid,  tliiii  fluid  over  the  whole  gastric  surface"  (Beau- 
mont^. 'VVhilst  mechanical  irritation  will  invariably 
oocnsioQ  a  flow  of  gastric  juice,  the  best  observers  fTiedemanu  and 
Gnielio,  Heidenhaiu,  &c.},  couHrm  the  stateuieul  of  Beaumont,  that 
by  this  memis  only  a  limited  quautity  of  gastric  juice  can  be  obtained; 
the  effect,  aa  BeaumouV  surmiued,  appears  in  this  ca^c  tu  be  a  purely 
local  one. 

When  instead  of  a  foreign  body,  solid  aliment  enters  the  stomach, 
the  Uirgescenee  of  blood-vesMelfl  of  the  organ  ia  general  and  great,  and 
gastric  juice  is  pour«4  out  in  quantity  and  continuously.  The  cause  of 
the  difference  in  the  effect  of  purely  mechanical  .stimulation  and  of 
stimulation  by  food  is  yet  doubtful.  Some  light  steeuis  thrown  upon 
it  by  an  interesting  observation  of  HuideDhaiu.  This  observer,  as 
will  be  explained  At  length  in  ihc8e<iuol,  has  succeeded  in  separating 
a  portion  of  the  cardiac  eud  of  the  stu^mach  from  the  re»t  of  the  organ, 
retainiog,  however,  its  vascular  and  nen'ous  conuections.  By  sutures, 
this  portion  of  stomach  is  converted  into  a  tube,  blind  at  its  inner  end, 
but  pC|8Be«siug  an  opeainf;  which  i»  stitched  to  an  iucisioQ  in  the 
abdominal  widt.  Thus  a  tube  with  walk  composed  of  cardiac  end  of 
stoiimch  can  be  obtained.  UcidCDbnin  observed  that  iu  a  dog  in 
which  such  a  procedure  has  been  successfully  carricJ  out.  socrctiou  of 
fluid  from  ihi*  stomach-tubo  came  on  from  lo — 30  minutes  after  food 
hml  been  taken  into  lUe  stomach,  am)  continued  to  the  end  of  digi^* 
tiun.  li,  however,  a  meal  of  indigestible  mibiitanceii  were  partaken  of, 
secretion  was  much  longer  delayed,  and  wouhl  only  iKrcur  when  the 
animal  began  to  drink,  lasting  even  then  but  a  comparatively  short 
time.  This  observation,  taken  m  connection  with  the  iact  that  during 
digestion  of  dige:!tible  fowl  gastric  juice  is  abundantly  and  continu- 
ously secreted,  whilst  it  is  not  so  after  mechanical  irritatiou.  points  to 
the  fact  that  the  proiiucts  of  digestion  when  absorbed  act  as  the  eason- 
tia)  .itimuli  to  the  tsecreting  »tnicturt.-s  uf  the  stomach  (Heidenhain), 
and  thus  lead  to  the  dilTerence  iu  behaviour  of  the  stomach  uccordiug 
as  it  is  thrown  into  action  by  mechanical  stimuli  or  by  digestible 
food. 

9»mm  which  ^'  ***  observed  by  Bidder  and  Schmidt  that  in 

(a»T  be   iHif-  ^**^    *'*''    gastric   iistuhe    in    which    salivary    fistuUe 

poMd  M  indl-  ^"^  been  establishdl,  and  which  ha<l  biK^ii  Ktarved,  the 

ost«  Uut  um  night  of  food  caused  an  abnormal  flow  of  gastric  juice''. 

'  'SeiiT  bemerkenawMtli  iat,  d4U  boi  ni'mhutrnim  Thieren  &uctt  dcr  bloiM  Anbliek 
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saoretion  of  Richet  also  observed',  in  the  case  of  gastric  fisTuU 
Ti  f'**^^  which  he  has  submitted  to  elaborate  investigation  (Ihai 
fluonwd*  by  ^^  M«rcelia  N.),  that  when  the  patient,  whu  had  an 
tUfl  nervDtu  nbaulutelv  iiiipassable  stricture  of  the  ceeophagiia,  chewed 
■yitam.  savoury  articles  of  food,  there  was,  simultnneoiisly  with 

ail  iibnonnal  secntiou  ofauiiva,  a  copiuu;^  flow  of  gastric  juJoa 

Thesti  facts  would  lewi  ouB  at  Jirst  to  conclude  that  the  gastnc 
glatids  are  under  tho  closcab  iiitluunce  of  the  nt-rvous  HyDtcm,  but. 
as  is  remarked  by  Ueidenhain,  who  draws  atteution  to  them,  the 
results  observed  may  be  explaiued  by  asenmitig  an  action  exerted  pri- 
marily on  the  muscular  movements  of  the  st-omach,  or  upon  the  blood- 
vcsaels  of  the  Btoniacli. 

Section  of  the  pneumogastric  nerve.s  has  long  be«a  known  to 
influence  iu  au  iiupurtatit  luutuicr  the  functions  of  the  ^itomacli. 
It  has  bueu  asserted,  by  euiue,  that  aftc-r  divisiou  of  these  uerves  the 
secretion  of  gaetric  juice,  as  well  as  the  movements  of  the  stomach, 
cease  permanently ;  by  others,  that  secretion  of  the  gastric  juice  is 
Btoppea  for  a  time,  and  then  becomes  re-established.  The  bulk  of  the 
evidence  which  is  most  t«  be  relied  upon  clearly  shews,  iudt-ed.  thai 
the  pncumogastric  nerves  only  atfect  gastric  digestion  by  their  iudu- 
ence  upon  the  movements  of  the  organ,  and  that  after  their  diviaon 
aecrotiou  of  ^'lutric  juice  of  normal  constitution  takes  phioo. 

It  ]ms  been  similarly  shewn  that  the  sympathtrtic  ncrve-trunkn 
connected  with  the  stomach  may  be  destroyed  without  stopping  the 
secretion  of  gastric  juice.  The  stom&ch  therefore,  unlike  maoj 
secreting  organs,  is  not  knonii  to  be  dcpoQi-icnt  on  the  control  of 
secretory  nerves  passing  tu  the  organ  from  the  great  nervtfCtfDtres. 
It  cannot,  however,  be  regarded  as  definitely  proved  that  there  are  no 
ry  nerves  running  from  thi;  central  nervous  system  to  the 
glands.  Since  the  gastric  glanda  secrete  when  cut  off  from 
central  nervous  aystcm,  we  have  to  inquire  whether  this  b 
brought  about  by  a  peripheral  nervous  me^^hanism  or  by  a  direct 
stiitiuUtiuu  of  the  gland  centre.  The  abundant  nerve  ganglia  and 
nerve  plttxnses  which  are  foiiufl  in  the  submucous  coat  of  the  stomach 
may  probahlv  represent  the  secretory  centres,  and  the  secretory  nenres 
wbicli  prcsliio  over  the  secretion  of  the  gastric  juice,  but  yet  aitother 
possibility  preseuts  itflciT. 

It  is  couceivable,  argu«^s  Ueidenhain,  that  Just  as  iu  the  v^jctsble 
Drosera  the  secrcttou  of  the  digostivo  glands  is  brought  about  by 
mechanical  irritation  without  the  intervention  of  a  nervous  me* 
chanisui,  so.  in  the  animal  stomach,  secretion  of  gastric  juice  may 
follow  the  direct  application  of  a  stimulus  to  the  secreting  epi- 
thelium, 

VOD  NahniOK""utl«'"  *^°  AbnondcTuag  do  Ma|^iuafk«  ED  <r«nna)inii  v«nai9>  wotod 

wir  an>  Wi  Thidr«n  tnit  mit«rbiiDdenen  Kp<Tiche1j;iiiif;«n  vulfafh  flbomogt  habeft' 
Bldd'r  U.  Sflhmiill.  Dit  l'friliinuii[iii'ifU  'md  lUr  Slujliffefufl.j'.  Sfi, 

'  C]i.  ltii:']i>'t,  ' Bodwri-bra  lur  rnddiladii  awe.  i{ii«Lri>)iiv  d«  l'honiine...(iiiiM  rar  KDe 
flilule  i;aitFii|uti.'  CtiiiipUt  Uriului.  Vol.  uuciiv.  p,  410.  Jiyurii.  dt  flitirm.  rl  Chimit, 
Vol,  XXV.  n  427.    ht  »ire  jjcMlrijiK  eUet  I'iionttiM  el  le*  uninau^,    I'ub,  la78. 
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Sect.  5.    Physical  axd  CnraticAL  Characters  of  the 
Gastric  Jluce. 


Pure  gastric  juice,  such  an  can  Iw  obt-ained  by  the  stinmlation  of 
th(f  muci>u«  membrane  of  the  stomach  of  an  luiniial  in  which  a  gastric 
iuilula  has  been  eUfcesMfulIy  estabU&hcd,  is  a  thiu,  iisuntly  colourk-ss, 
though  Homet  imes.  as  ia  the  dog,  yellowish  liquid,  posses-sei)  of  a  veiy 
acid  reactioD,  and  of  a  faintly  acid  oiawliish  taste,  aud  uf  a  ptwuHar 
though  not  easily  dcfiiied  odour. 

It  hua  a  specific  ^rnvity,  which  vaiics  bvtwccu  1001  and  1010. 
the  specll^c  gravity  riiryiug  iu  the  same  animal  n-ilh  varying  condi- 
tions of  the  socrction. 

When  boiled,  the  gaslric  juice  is  nut  coagu lable,  but  cea.s<>!i  to  be 
active.  Whea  cooled  to  0'  C.  the  gastric  juice  of  Avanu-bloodcd  ani- 
mals ceases  to  exert  its  peculiar  dige!«tive  powers. 

The  gastric  juiceof  mail  contains  less  than  one  per  cout.  of  solid 
matters,  of  which  about  two-thinls  are  organic  and  uue-tliinl 
mineral. 

The  gantric  juice  may  be  kept  for  weeks  and  mouths  without  ex- 
hibiting- any  sign*  of  putridity,  and  retaining  its  proteolytic  activity. 
It  noxsesMts  considerable  autisuptic  properties,  as  may  be  observed  bv 
moifiteaing  digbtly  putrid  meat  with  the  juice.  This  property  w. 
believed  to  be  due  t«  the  free  acid  which  it  contains. 

The  essential  physiological  attribute  of  the  gastric 
juice  is  the  power  of  breaking  down  and  dissnl%-ing  a 
large  port  of  the  eolid  protcid  alimeuta  and  cunverting 
tbem  into  so-called  albunioscsand  peptones.  Thit^  power 
depends  upon  thcco-uxii^teiice  in  tlie  juice  of  an  enzyme 
termed  pepsin  and  au  acid  which  has  been  shown  to  be  either  free 
hydrochloric  acid  or  a  more  complex  c«njugat«d  acid  formed  by  the 
iitiion  of  hydrochloric  acid  with  an  organic  body,  which,  however,  if 
it  exists,  i^  readily  dissociated  with  the  evolution  of  hydmchloric  aciJ. 
^feitll^•^  p^-pKJii  nor  hydrochloric  acid  are  active  alone,  but  a  mixture 
of  the  two  bodies,  iu  the  preauucv  of  a  pro]>er  ({Uautity  of  wat^sr  and 
at  a  suitable  temperature,  acts  es»cntinlly  as  the  normal  gastric  juice. 
Whilst  the  enzyme  pc]>sin  is  absolutely  iudispeudablc,  the  acid  may 
replaced  by  other  acids  aud  yet  proper  digestion  will  take  place. 
~       .es  the  proteol}'tic  ferment  pi-psin,  tho  gastric  juice  in  man 

in  other  aiiinml.'*  contains  a  miVA-curcWtVtjT  ferment,  which  we 

may  term  the  curdling  ferment  or  'rennin'  (Foster.  Lea),  and  to 
which  the  name  Chymosin  has  also  been  given  by  Uescliainps*. 
Neither  popwn  nor  the  rennet  ferment  have  yet  been  isolated  as 
pure  chemical  bodies,  but  our  knowledge  of  their  properties  is  derive<l 
from  a  study  of  solutions  which  eontaia  them  iu  a  state  of  greater 
or  lew  purity. 

■   IUlUlIlU«l«U,  Lttirlrufli  tl.  pliytSoluil.  Chfatr,  WiMbftdeD  1891,  T.  15S, 
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Besides  ibe  euKyines  we  have  meoiiuDed.  and  more  or  1b« 
«xtraaeous  adoiixtuie  with  mucus,  some  fal,  and  organic  product*  of 
tligcNtiuu,  tilt?  gafttric  juice  cotitaini  alkaline  chlDriues.  uarthy  pboA- 
phatee,  and  iroD.  No  experiments  have  been  made  to  determine  the 
preKf>uce  vr  nature  of  an}r  gases  which  it  may  hold  ia  solatioo  or 
feeble  combination. 

YMioni  T9-  '^^^  follovfing  are  some  of  the  principal  characters 

actions    «xlii-    of  pure  gastric  juice  of  the  dog'. 

utMi   tiy    t&a  It  is  not  coagulated  od    boiling,    which    howerer 

sa»mo  Juice,  destroys  its  proteolytic  properlies.  The  ncid  juice  is, 
according  to  Home,  coayulatml  by  ferrwyauidc  of  potassium,  though 
the  evidence  on  this  point  is  uot  niianimous. 

ConcentratL-d  mineral  lurids  produce  no  turbidity,  or  precipitate. 

Alknline  carbonates  throw  douu  a  »oanty  precipitate,  consisting 
mainly  of  earthy  salts,  carrying  down  witli  them,  however,  a  portios 
of  iho  organic  matter,  although  the  filtrate,  when  acidulated,  still 
retaine  digestive  powers. 

Sodium  chlnnde,  when  added  to  saturation,  precipitat«s  many  of 
thi;  albuQioaes  which  the  juice  contains,  together  with  a  lat^  part  of 
the  ferments. 

Mercuric  chloride  produces  a  precipitate,  which  oontaios  a  pari, 
but  not  the  whole,  of  tlie  pepsin  present. 

Silver  nitrate  precipitates  the  chlorides  and  hydrochloric  add 
present,  and  likewise  a  part  of  the  pepnin. 

Luud  saJt-s,  as  lead  acetate,  form  precipitates  coutaioiog  a  greit 
piut  of  the  pepsin.  From  this  precipitate  much  of  the  pepsia  may 
bo  stpm-utcd  by  mere  washing  with  watei. 

Alcohol  produces  a  white  precipitate,  which,  if  the  quantity  of 
alcohol  added  be  not  excessive,  slowly  dissolve*  in  water,  yielding 
a  solution  which  when  acidulated  with  hydrochloric  acid.  digesU 
actively.  When  a  large  excess  of  alcohol  is  however  added  to  th4 
ffastric  juice,  tlie  precipitate  is  waid  by  Krerichs  to  lose  for  ever 
Its  digestive  properties 

Before  examining,  in  detaJl,  the  facts  wHdi  are 
known  concerning  the  ferments  and  the  acid  of  the 
gastric  juice,  and  their  relation  to  the  proc***  of 
digestion,  the  attention  of  the  reader  is  drawn  to  Uw 
following  often  quoted  analysis,  exhibiting  the  genenl 
composition  of  the  gastric  juice  of  the  dog.  Noeompletti 
and  at  the  same  time  reliable  analysis  of  the  gastric  juice  of  roan  is 
available',  however  there  is  no  reason  for  supposing  that  the  Esecretion 
in  man  is  sensibly  different  from  that  of  th»  dog. 


Remits     ol 
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'  Frpriclw,  Articio  'VcrdaiiUQg'  !n  Wngner"*  flanStpf-rtfrliueh,  Tol.  in.  p.  TSS, 
'  Tht^iv  in  A  cnitxtitiitl.v  ijuotnl  annl<|-iiiD  at   Lh«   smlric   jniM  of   s  wamaii,  made 
lij  C.  Kchniidt,  nhlch  ilic  ikuchpr  cnimcit  Bdmit  as  uttitdkclory  tn*naQch  u  lite  trm 
a«ld  which  it  ifvralx  i«  nl  Xnirt  ten  timoa  below  that  vhicb  is  now  known  b>  be  i 
in  btkltbjf  huiuon  hmuic  juioc 
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JSITIOX  OF  THE  GASTRIC  JUICE  OF  THE  POO.  OBTAINKD  WITH- 
OUT AUMIXTUJUi  WITH  SALIVA  [XHB  MEAS  OP  TES  ASAi-YSES  BY 
C.  SOHUmiJ. 

Water  in  1000  parta                      .  973-062 
Organic  matters   (_inclutliug  peptOQes, 

pepHiD.  mucin)          ....  17'127 

Free  HCl 3-050 

NaCl 2-507 

KCI              1125 

NH.CI O-HSb 

CaCI, 062* 

Cft,  2(P0«) 1729 

Mr  2(P0,) 0-22<i 

FePO, 0-082 


Sect.  6.    Artificial  Gastric  JurcE. 


I 


It  has  beeo  stated  that  the  most  striking  property  of  the  gastric 
juice  is  its  power  of  <li.^<wlvitig  and  dtge^ting  saltd  protoid  bodies, 
providiug  the  process  be  carried  on  at  a  favourable  temperature, 
thftt  is  from  SO' — ¥)'  C. ;  it  ha«  also  been  stated  that  this  property 
depciidti  upon  the  prcHeDce  of  au  enzyme  culled  pepsin  and  a  free 
ftCld,  neither  of  these  being  capable  of  acting,  in  its  characterielic 
maaner,  independently  of  the  other. 

Eborle  was  ttie  tir»t  to  shew  tliat  the  solid  mucus  which  can  be 
scraped  from  the  surface  of  the  mticous  membraQe  of  the  stomach 
undci^oes  solution  under  the  iufluence  of  dilute  acids.  And  he 
thus  prepared  au  artlBcial  gastric  juice  which  possessed  the  power 
of  digesting  suitable  substances  at  a  proper  temperature'.  Sberle 
Hkewise  found  tliat  acid  in  which  muct^us  uicuibraue  of  the  stomach 
had  been  digested  posseeacd  powers  of  dissolving  pruteidB.  EbBrle 
however  fell  into  the  great  error  of  euppusing  that  mucus  was  the 
essential  proteolytic  agent,  aud  actually  auserted  that  witti  mucus 
takeo  from  other  orgauB  than  the  stomach,  as  for  example  with  uasal 
mucus,  digestive  liquids  could  be  prepared. 

The  oWervatioua  of  Eberic  were  first  repeated  by  Johauneti 
HUller,  shortly  afterwards  by  J.  Miiller  and  bis  pupil  Schwann*,  and 
thcy  brought  to  the  work  a  perspicuity  and  a  scientific  acumen  which 

1  Bbnk,  Phuriologte  d*r  Vtrdittautt  tueh  rtnmkm.  WOnlnug.  1934.  8m  U 
Mg*  IM  Ibe  foQ«iriiig  pMMge:  "U««cnMft  von  Thierui  grcwoDnen.  bewirkt*  di« 
nhnallssltiiii  BMhrraer  BpiiMn  in  ier  Wimio  kiich  ^wmt  Aem  UafHo,  and  Ba«h 
■MBiB  «igeBra  Tcnuofaon  g«Uii^  •ndlicb  DDob  did  Ch>  mi  Hon  lion  Am  IJ  fthnilttanlMd 
iaith  lien  hUriatlidi  limviteten  BUjtcninn  iii  det  V\'aiTuio  vollHliiniiff." 

■  J,  Mtillvr  u.  Til.  Hobvuiii,  'VeiBuclw  iiber  div  kiiuntliclw  VecilAUUUg  iea  gtna' 
amea  1vird«*nL'     MillW'*  Archiv.  1688,  p.  66. 
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were  singularly  ahunt  in  tbc  Rrst  observer.  It  was  Schwaao'  wliu 
pointed  out  bow  erroneous  wa&  the  view  of  Eberlc  th&t  mucin  «m 
the  principle  which  conferred  proteolytic  powurs  upon  au  acid  lufuiiaa 
of  tlie  mucous  membrane  of  the  fitomach,  by  Hhewjng  that  the  acttTe 
principle  held  in  .Kulutiou  in  urtiiicial  digestive  juice  prepared  hj 
the  action  of  a  dilute  acid  upon  the  gastric  mucous  membraoe,  hai 
properties  which  are  diffprent  from  those  of  mucin,  and  further  tbat 
by  acting  upon  mucus  obtained  from  other  otgaos  ih&a  the  ttotDMh, 
a  true  digestive  liquid  cannot  be  obtained. 


of 


HatbMis 
pnpaiUK  ar- 
UBcUl  miaio 
Juloe. 


1,  The  storoach  of  a  pig  !«  opened,  emptied  of 
its  contents,  and  then  the  surfiice  cleaned  with  k 
wet  sponge  ('ruTining  water'  wiil  distiolve  out  a  ooii- 
siderable  part  of  the  pepsin).  The  mucous  mombraae 
is  removed  from  all  but  the  pyloric  end  of  the  organ.  It  ts  tbea 
freed  fttim  a  portion  of  the  water  which  ia  adhering  to  it  bv 
pressure  between  dry  clothB.  and  iniuced.  The  finely  liivided 
mucous  membrane  is  then  placed  iu  twu  ur  three  litres  of  dilute 
hyilrochlonc  acid  containing  fr»m  six  to  ten  ac.  of  strong  UCI  per 
litre,  and  the  mixluri^  is  iligeHted  in  the  incubator  at  a  tempernlure 
of  35" — 45"  C.  for  a  period  varying  from  a  few  hours  to  a  duy.  If 
sufficient  lluid  he  present  and  the  mixture  now  and  then  shaken,  all 
ought  to  be  dissolved  in  a  few  hours,  leavin?  but  a  ^iiall  quantity  d 
brownish  flakes  and  some  mucus  undissolved.  The  liquid  is  tillered 
through  paper,  and  then  may  be  kept  for  several  months,  without 
undeiguiug  decompoDitiou,  and  retaining  active  proteolytic  pro- 
porties. 

ArtiAci&l  gaatric  juice  prepared  in  this  way  is  rery  energetic  in 
its  action,  and  forty  or  fifty  cubic  centimetres  added  to  200  cc.  of 
300  ex.  of  O'l  per  cent.  HCI  solution,  will  be  naually  found  to  furnish 
a  highly  active  digestive  fluid.  Such  &  juice  does  not,  howerer, 
contain  merely  acid  and  pepin,  but  considerable  quantities  of  alhu- 
moscs  and  peptones. 

2.  The  following  method  was  recommended  long  ago  by  KUhne' 
for  obtaining  a  juice  possessed  of  considerable  activity  and  yet  contain* 
ing  but  small  «^uantitieR  of  peptnne.i.  Open  the  stomach  sqod  after 
death,  empty  it,  and  wash  it  thorotighty  m  cold  water.  Then  scrape 
the  surface  ulth  a  blunt  instrument  so  as  to  remove  a  layer  of  mni^us 
mixed  with  cpltbelium  cclK  The  matter  thus  removed  is  rubbed 
up  with  pure  quartz  sand,  or  glass-powder,  and  cold  water,  whidi 
diKsotvos  the  pepsin  which  tho  mixture  containa  On  filtering,  an 
opalescent  liquid  in  obtained  whieli,  when  acidulated  so  as  to  contain 
O'l — 0'2  per  cent  of  HCI,  possesses  powerful  digestive  activity. 


p.  90. 


Sohwann,  '  Uclnr  da*  Wotro  ilea  Vvrdanun^RproOMt.*    MflUer*!  ^rcJUi;  USO, 


*  Kithne,  Lthrbueh  if.  ftiytiologitchen  ChtmU.    L«ip>ig,  1808,  p.  M« 
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V  X  Of  all  methods  yet  suggested  for  the  preparation  of  aa  active 
artificial  gastric  juice,  the  rollowiDg,  suggested  by  KUbno  aad  Chitten- 
den, furnisher  the  most  active  preparation,  and  also  one  in  which 
the  proportioD  of  extraneous  products  is  in  stnalleat  amount  The 
mucous  luembrane,  from  the  cardiac  region  of  several  pigs'  Btomaclis, 
aa.y  five  or  six,  is  re<l«ced  to  n  fine  state  of  division  and  is  then 
digested  for  fourteeii  days  at  W  C  witli  from  two  to  three  litres  of 
^  O'S  per  cent,  hydrochloric  ncid, 

■        At  the  end  of  this  tiuie  in  presence  of  so  lai;ge  a  quaDttty  of 

Hpepno  and  acid,  all  but  tracce  of  the  so-c&Ucd  albumoaos  have  been 

H^ODverted  into  pcptonoa,  which  arc  in  solutiun  together  with  pepsin, 

although    there   remain    iiiidis»olved   a   small    proportion   of   loruigQ 

I  matters,  nucleins,  nitti-nllniinid,  kc. 
The  liquid  is  filtered  and  saturated  with  powdered  nmmoniiim 
»ulphat«.  This  salt  in  addition  to  its  power  of  precipitating  any 
olbumoses  which  mny  he  present,  throws  down  the  whole  of  the 
pepsin.  The  precipitat*  is  collected  on  a  fdter,  washed  with 
£aturatud  solution  of  ammonium  sulphate,  and  is  then  dissolved  in 
0*2  per  cent,  hydrochloric  acid. 
To  the  acid  solution  is  addtiid  0'25  per  cent,  of  thymol,  and  it  is 
then  dialraed  in  running  water,  until  the  whole  of  the  ammoniura 

»  sulphate  has  been  removed. 
On  0|>ening  the  dialyi>ing  tubes  a  precipitate  is  found,  which  ia 
soluble    in  0'2   per  cent.  IICI,  and  furnishes  a  very  active  gastric 
juico.     The  filtratv  also  wbuu  acidulated   so   as  to  contain  O'S  per 
K  cent  of  HCI,  furuishes  an  intensely  active  gastric  juice*. 

4.  Take  a  glycertu  extraet  of  mucuus  membrane  of  the  stomach 
and  mix  with  dilute  hydrochloric  acid  containing  02  per  cent.  HUl. 

5.  A  soluttoa  of  pepsin  prepared  by  methods  af^rwards  to  be 
described,  maj  be  added  to  dilute  hydrochloric  acid  of  suitable 
strength,  so  as  to  furnish  an  artificial  gastric  juice  of  great  purity. 

We   have   recommended  above  that  dilute  hydro- 

chloric  acid  containing  O'X  or  0'2  per  cent,  of  HCI 

should  be  used,  for  it  resulted  from  the  obser^'ations  of 

Brllcke  that,  aelgris  juiribvs,  pepsin  acts  most  enor- 

getically  on  many  proteids  if  proaent  in  a  fluid  con- 

lAining  approximately  this  qunnlity  of  hydrochloric  acid ;  the  most 

favourable  strength  fur  the  solution  of  fibrin  being  OOSti — It  088  pur 

cent,  whilst  for  coagulated  white  of  egg  it  is  as  high  ns  0'12  or  O'lG 

per  cent     It  would  apiiear  huwcvur  from  the  obeurvations  of  Ktihnc 

and  Chittenden  that  the  digestive  process  is,  in  some  cases  at  least. 


ttnofftb    Dt 
««M     tW     ftr- 
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<  KtUiBfl  uil  ChilUnden.  'Uobn-  dio  Pofitone.'  ZfiUrhrlfl  flir  JtMoiflf.  T^l.  xnt. 
pL  iSS.  And  in  Stiiili«a  tmm  tlie  IjLhonXory  of  PhfilolaipcKl  (ihemiatry  oJ  Ysle  Uni- 
*«iit7.  aditad  ^  B.  H.  Cbittendea.  Pfa.D..  Vo].  ii.  (imr)  p.  is  and  ChltUodtu  and 
BolMll^'BaB-Awanln   oud   AlbumoMH,'     SluiL  /root   Lab.   uf  /'/ij|>.   Chrm.   of   TaU 
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much  more  active  if  a  stronger  HCl,  oven  up  to  O'A  per  cdot^  be 
employ  ed. 

Hydrochloric  acid  may  he  replaced  by  other  dilute 
acids  in  the  preparation  of  artificial  gastric  juice,  as  hj 
nitric  ncid,  tribnsic  pbofiphoric  acid,  lactic  acid,  &c. 
It  appears  that  sultmtiric,  acetic,  ozalJc  and  tartuic 
acids  act  more  feebly  . 

Wid  usually  d<?termine  that  an  artificial  digestire 
juice  is  posscBsed  of  proteolytic  activity  by  plitcii^  il 
in  an  incuhator,  or  in  other  ways  iiiaiutaiiiing  ic  at  & 
temperature  favt>urablctopopticpr«teoly8is(35'' — 50Tv), 
and  then  adding  to  it  (a)  a  Bocculus  of  wull  wasKed 
fibrin,  preferably  of  fibrin  which  baa  been  preriooslT 
BWoUeu  by  dig<«tion  iu  cold  dilute  solution  of  hydnichloric  acid  ('I  per 
cent):  (6)  thinly  cut  slices  of  coagulated  white  of  egg:  or  <c)  boiiftd 
white  uf  Kgg  fioely  puundod  iu  a  mortar  and  pressed  through  a  fine 
sieve :  and  obsci-ving  the  time  occupied  iu  the  solution  of  the  prot«idi 
used.  A  full  description  of  the  methods  of  determining  the  relatire 
amounts  of  pepsin  in  difiereut  ftolutiooa  will  bo  givoQ  in  the  sequel. 


HTdrocbloiia 
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Chemical  Af/enla  which  injluence  Peptic  Digestion*. 

All  cliemical  ogenbt  whicli  prucipitate  pepsin  urrcst  digestion  by 
it,  and  generally  the  salts  of  the  heavy  metals  exert  this  action, 
as  lead  acetate,  copper  sulphate,  mercuric  chloride  and  alum.  Neutral 
salts  uf  the  allcnlio^A  aod  alkaline  earths,  as  sodium  chloride  a&d 
sulphate.  inagnL'siuiu  sulphate,  and  pota^ium  iodide  hinder  peptic 
digestion.  Adjouious  acid  is  apparoully  without  action.  Uyuriodie 
and  hydrobrumic  ocidit  hinder  peptic  digeatiou.  Sulphurous  acid 
arrests  it.     Hydrucyauic  acid  has  but  very  slight  action. 

Whilst  tannic  acid  arrests  digestion,  some  of  the  organic  acids 
which  have  most  powerful  action  on  or^nized  ferments,  riinder  the 
action  of  the  peptic  enzyme  but  little.  Thus  in  smalt  quantities 
carbolic  acid  does  not  hinder  digestion  ;  in  medical  practice  it  is 
indeed  found  that  carbolic  acid  often  not  only  checks  abuormal  piD- 
cesseB  of  fermentation  going  on  in  the  stomach,  but  that  Woai 
Bdmiaiat«ied  together  with  pcpaiu,  it  actually  seems  to  aid  this 
body. 

Salicylic  acid  in  largo  doses  interferes  with  peptic  digution, 
though  according  to  Kiibne  the  pepsin  is  not  destroyed  even  by 
digestion  for  several  days  with  large  quantities  of  salicylic  acid. 
In  diminishing  the  rapidity  of  peptic  digu-stion  nalicj'lic  acid  is,  bow- 
CTer,  certainly  more  powerful  than  carbolic  acid. 

1  Be«  many  •utboritjea  quoted  by  Mai/  on  Lhia  tuliject,  Hitnuaa's  Handhirk,  ToL 
t.  Pwtii.  (leSI),  p.  73. 

■  Th*  Mthot  hu  den'TMl  bin  infontinticn  o»  this  tnbjoc*  Trom  I*r«t.  Uftlj'a  i 
In  Hwmaati'i  Hanibveh  dtr  Fh^tioUgle. 
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Sect.  7.     As  Acootrsr  or  the  Attempts  to  separate  Pepsin. 

AKD  TO  ESTABLieU    ITS  CHARACTBIW, 


fietiiruiB'ft 
ktMmpU       to 
UoUte         tHo 
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Pepsin. 

Eberle  was  the  first,  as  we  have  seen,  to  shew  that  the  iuncou« 
membrane  ut  the  etomach  ucdergoes  solution  under  the  iutluonce 
of  diliiu*  acids,  and  be  described  a  mode  of  oblaiuing  an  artificial 
gaatric  juice  which  possessed  the  power  of  digesting  suitable  »iib- 
staaceii  at  a  proper  temperature.  Hia  experiments  were,  however, 
concemed  rallier  with  the  behaviour  towards  chemical  reagents  of 
bis  artificial  gastric  juice  than  with  tlie  study  of  lis  real  digestive 
activity,  the  nature  of  which  he  much  misunderstood.  Schwann,  wc 
have  ahio  seen,  almost  immediately  afterwards  Kiok  up  the  invesli- 
gatioD  of  artificial  gastric  juice.  He  pointed  out  that  the  mucous 
membrane  of  the  stomach  alone  was  capable  of  yielding  an  artificial 
gastric  juice;  that  it  did  not,  as  EbeHe  had  thought,  share  this  pro- 
perty with  other  mucous  infTiibraQus,  and  lie  set  about  trying  to 
isolate  the  principle  which  confcm^d  upon  dilutu  actds  the  property 
of  dissolving  certain  of  the  food  constituents. 

The  muoouH  membrane  of  the  stomnrh  was  digcstsd 
in  water,  and  the  ai^ueous  solution  was  treatod  with 
ferrocyaoide  of  potassium,  so  as  to  precipitate  the 
protoids  present  in  the  solution.  The  flnid  was  filtered, 
and  the  filtrate  was  neutralized  with  pota-tsium  car- 
bonate; it  Wan  then  pn^cipitated  with  a  solution  of  corrosive  sub- 
timaU:.  The  precipitate  produced  by  this  btwly  was  suspended  in 
dilute  hydrochloric  acid  and  decomposed  by  means  of  sulphuretted 
hydrogen.  The  solution  filtered  from  sulphide  of  mercury  possessed 
ioteoBe  proteolytic  actinty.  To  the  proximate  principle  present  in 
the  mucous  membrane  of  the  stomach,  which  be  in  some  degree 
had  8ei>aratcd  by  bis  process,  Schwaun  gave  the  name  of  Pepsin, 
without  however  laying  any  pretence  to  having  isolated  iL 

Vkouim'i  By  a  modification  of  .Schwann's  metho<I,  Wasmonn' 

nrtfcotf  of  pr»-    soon  after  succeeded  in  obtaining  a  soluble  solid  pepsin, 
partsc  iMiMtB.     posoeased  of  very  intense  activity. 

The  mucous  membrane  from  the  fundus  of  a  pig's  Rtumadi,  was 
carefiilly  dissjectcd  off  and  treated  with  water  at  30 — 40"  C.  and 
after  some  hours  the  liuuid  was  poured  otf,  tho  mucous  membrane 
being  thereafler  treated  again  and  again  with  culd  water.  The 
united  watery  liquids  were  prccipitatc<i  with  lead  acet&te  or  mercuric 

■  *  Wumum,  Dt  diffrtUone  nannnlla,  I>U*.  Inout).,  BrroUai.  1689.  Th«  uithca'  has 
eel  tesD  able  lo  ne  this  dlaaerUtinn.  The  ikcouhi  of  Wum&nn'*  iwpsia  ^ven  in  ihs 
text  It  tslWB  4liao«t  rtrtmfm  Itom  Ma.ly,  -CLemie  dor  Vcidaumta,'  ""*■""'■ 
i/«wUwA,  Vol.  1.  Pun  ij.  (1891).  p.  \i. 
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cliloride,  the  precipitate  containing  lea<)  or  mercury  compounds  of 
pi'Oteids,  «utauglLng  peptOQei;,  was  collected,  auspcnded  in  water,  anil 
decomposcil  by  luuaus  of  sulphuretted  hydrogc-ii.  uid  from  the  filtrAt« 
after  concentration,  pepsin  (mixed  with  protoids)  was  precipitated  by 
means  of  alcohol. 

The  precipitated  Docculi  when  dried  yielded  a  ydlout,  gum-lifee 
maitwr.  Acids  caniwd  a  turbidity  in  the  solution  of  thia  pcpoin. 
metallic  salts  produced  a  precipitate. 

Accortiiug  to  Wasniann  the  proteolytic  action  of  his  pepsin  was 
ao  great  thai  one  pnrt  in  00,000  of  water,  when  acidiilnted,  dissolved 
coagiilatiid  albumin  in  from  six  to  eight  hours, 

By  Wasmann's  method,  as  by  all  other  methods  yet  sucgesteri, 
it  is  imposaiblc  to  prepare  pure  pepsiu — though  uui)ue«tioiiably, 
assuming  his  assertions  to  be  coirect,  bis  method  yielded  him  an 
extraordiuarily  potent  producL 

BritoiM'ii  The   mucous   membraoe  of  the  pig's  stomach  Is 

uMhed  or  uo-  separated  frum  Llic  subjacent  muscular  coat,  and  afto* 
utiac  p*piin.  careful  washing  and  rtftiioval  of  the  adhering  water  by 
pressing  betwetn  bluttiug- paper,  is  fioely  divided,  preferably  in  a 
mincing  machint?.  The  uiiias  is  then  digBHteil  in  a  5  per  cent,  solution 
of  tribaaic  phosphoric  acid,  at  a  temperature  of  35*  C,  uutU  ae«riy 
the  whole  is  distwlved.  The  Holution  containn  all  the  pepsin  in 
solution,  together  with  large  quaDtitles  of  parapeptones  and  pep- 
tone*. The  acid  fluid  ia  almost  neutralized  by  the  addition  of  lime- 
water,  wliicU  causc'8  a  precipitate  of  Ca,  (i'O,)^  This  precipitate 
curries  duwu  with  it  much  of  the  pepsin  previously  dissolved,  whilst 
a  considerable  portion  of  the  parapeptoue?  and  the  whole  of  ibe 
peptones  are  left  in  the  solution.  The  gelatinous  precipitate  it 
carefully  waHhed  with  water,  pressed,  suspended  in  water  and  HC1 
added  until  it  just  dissolves.  The  solution  is  then  poured  litlle  by 
little  to  the  botl.oni  of  a  tube  containing  n  satiirateii  solution  of 
choiesteriu  made  by  dissolving  that  body  m  a  mixture  of  four  parts 
of  alcohol  and  one  part  of  ether.  When  the  slightly  acid  afjueous 
solubiuu  comes  in  cuutact  with  the  cthero-alcohulic  liquid  it  produces 
a  precipitate  of  chulesterin;  this  precipitate  h  repeatedly  afaakeu 
up  with  the  liquid  in  which  it  in  produced.  The  cnoleaterin  which 
hau  carried  down  with  it  iiieehuuically  a  part  at  least  of  the  pepsin 
originally  present,  ia  coUeclod  nn  a  filter  and  is  washed  first  with 
water,  then  with  acetic  ucid,  and  lustly  again  with  water,  until  tbe 
wash-wateni  are  no  longer  acid  and  give  no  turbidity  when  tjvated 
with  silver  nitrate. 

The  moist  cholesterin  is  now  shaken  up  in  ■  stoppered  bottle 
with  pure  ether.  The  liquid  in  the  bottle  then  separates  into  two 
layer!,  the  upper  ot'  which  is  cucnposcd  of  au  ethereal  solution  u( 
cholt?9ti?riii,  the  lower  of  water  (which  had  adhered  to  the  cholfsteriD) 
boldiog  pepsin  iu  solution.    The  ethereal  layer  is  separated  from 


'  BrOcke,  Vortemnfcn,  Vol.  ti.  p.  8D0. 
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tattc-r,  which  i»  Hhakea  again  and  again  with  ether,  until  all  traces  of 
cholesteno  are  removed.  The  aqueoas  eolutioo  is  then  found  to  be 
slightly  turbid,  bnt  on  filtration  may  be  obtained  perfectly  cleftr. 
The  Bltered  liquid,  when  acidulated,  possesses  proteolytic  activity. 
When  allowed  to  evaporatt-  spoutaneously,  it  leaves  a  greyish, 
amorphous,  non-hygroscopic.  iiitrogcDoua  body,  soluble  with  some 
difficulty  in  water,  but  more  readily  soluble  iu  dilute  acid«- 

Thcre  is  no  reason  to  suppose  that  the  substance  obtained  by 
this  method  in  a  definite  chemical  individual.  It  has  been  alleged  in 
its  favour  that  it  jrielda  the  digestive  enzyme  pepsin  in  a  purer  con- 
dition tJian  that  in  which  it  cmild  bn  obtained  by  older  methods. 
The  process  of  prepiimtlnn  is  however  tedious  in  the  extreme  and 
verv  costly,  and  it  has  mode  way  for  other  methods  which  fumish  us 
with  much  more  active  solutions  of  pepsin,  though  still  not  of  a  pepsin 
which  we  can  consider  to  represent  llie  pure  enzyme.  This  meujod 
has  not  io  the  hands  of  later  observers  given  satisfactory  results. 

An  afjui-ous  aolution  of  Briicke'a  pepHJu  is  not  precipitablo  by 
platinum  tetrachluride,  by  mercuric  chloride,  by  lead  acetat«,  neutral 
or  basic,  by  tannic  acid,  by  iodine,  or  by  concentrated  nitric  acid. 
The  solution  only  exhibiu  in  a  faint  manner  the  xanthoproteio  re> 
action,  According  to  Brucke  it  is  precipitated  by  neutral  and  baeic 
lead  acetate  and  made  cloudy  by  solution  of  platinum  tetrachloride; 
though  Krawlinikow,  iu  Brucke's  laboratory,  by  dialysing  the  solu- 
tion, got  rid  of  the  platinum  reaction,  but  not  of  the  lead  acotato 
reaction. 


V.  Wlttttth'B 
matlMd  of  pr«- 
pAilni  a  Mla- 
Uoo  or  p*p«ln 
la  |l7««rtB- 


Pepsin,  as  was  discovered  by  v.  Wittich*,  sliares 
the  property  possessed  by  the  rinjority  of  enzymcB,  of 
being  soluble  in  glycerin.  In  order  to  prepare  a  gly- 
cerin entract  of  pepsin,  the  finely  divided  and  cleansed 
mucous  merobmnu  of  the  fundus  of  the  stomach  may 
be  placed  for  eight  or  ten  dajrs  in  concentrated  glycerin.  On  subsd- 
(jQently  ntraining  and  filtering,  a  glycerin  solution  of  pepsin  of 
considerable  activity  is  nbtaiut>d. 

A  better  way  of  proceeding  is  to  place  the  mucous  membrane 
for  twenty-four  hours  in  water,  and  then  tii  dehydrate  the  finely 
divided  mucous  membrane  by  placing  it  for  twenty-four  hours  in  an 
excess  of  80  per  cent,  alcohol,  hltering,  driving  off  the  alcohol  which 
adheres  to  tuc  liasuo  by  evaporation  in  uir,  commiuutiiig  the  dried 
residue  still  further,  and  then  addiug  to  it  its  own  weight  uf  glycerin. 
Ailer  some  davs  the  glycerin  is  strained  off'  and  replaced  by  a 
fresh  <iuaiitity,  t^e  process  being  repeated  several  times. 

From  the  glycerin  extract  of  pepsin  the  impure  fermeut  may  bt; 
obtaine<l  in  a  solid  form  by  abiding  a  large  excess  of  abiiolute  alcohol, 
which  precipitates  it.  This  impure  pepsin  may  be  further  precipi- 
tated   by  having   recourse    to    the   method    described    in    the  next 


'  T.  WltUeh.  Ptiflpr'a  <(rrft(V,  Vol,  n.  p.  IflS,  lud  Vol,  lu.  p.  JM. 


88 


METHODS  OF  PREPARINO   PEPSIN. 


[book  U. 


■etbod*    or 

PAkrlfytai«  pep- 
da  baaed  up- 
on 111  non-dlf- 
fMlMUty. 


paragraph.  It  may  be  noted  that  much  loss  popBiD  is  obtauied  from 
a  mucous  memhm.»e  which  ha«  been  trt-utcil  with  al>soltitc  alcuhul, 
tliaii  from  one  which  luis  been  stiiiplj  dried  or  taken  iresh. 

Pepsin  in  solution  apptiars  U>  be  absolutely  indif. 
fusible  through  j>arcbraeut-paper.  CJiveo,  then,  an 
acid  solution  such  as  artificial  gastric  juice,  whicb 
coataias  traces  of  olbumoees,  small  quantities  of 
peptones  atkcl  pepgin,  the  first^named  bodies  mav  be 
got  rid  of  by  long-con tinufd  dialysis  and  filtration,  a  ddut* 
aqueous  soliitiuii  of  pc-pmti  ultinialely  remaiaiiig  in  the  dial^^'ser'. 
Th«  Don-diffusibility  of  pepsin  from  a  solution  containing  it  ioW 
pun;  water  was  Hrst  puintud  out  by  v.  Wittich*,  who  however  slated 
that  when  the  dialj'ser  waa  surrounded  by  dilute  hydrochloric  acid 
(of  0*2  per  cent.],  pepsin  did  diffuse.  Hanimanten*  aficrwanls  shewed 
that  the  latter  statement  waa  incorrect,  and  established  the  &ct 
of  the  absolute  indiffusibility  of  pepsin  into  either  neutral  or  acid 
solutions. 

In  order  to  prepare  a  solution  of  pepsin  by  the  aid  of  dialyri* 
we  may  proceed  in  various  ways,  as  (a)  an  artificial  gastric  juice, 
made  in  the  way  previously  deacribed,  is  8uhjcct«J  to  aialysis  for  a 
periud  of  several  days,  (i)  Having  followed  out  BrUcko'a  method 
for  the  prcjiaration  of  pepsin  so  fur  a*  the  t^olution  of  the  pepsin- 
containing  precipitate  of  calcium  ptiosphate  in  dilute  hydrochloric 
acid,  this  solution,  having  been  neutralised,  may  be  subjected  to 
prolonged  dialysis  (Maly),  (c)  Having  precipitated  by  means  of 
alcohol  impure  pepsin  from  a  glycerin  extract  of  the  fundus.  th« 
precipitate  is  dissolved  in  diluto  hydroehloric  acid  (containing  0*2  p«r 
cent,  of  HCI),  and  the  solution  ia  then  dialysed. 

In  all  these  cases  it  is  best  to  plact-  the  dialyser  in  a  running 
stivam  of  water,  the  actual  form  of  diaJyser  being  that  suggested  by 
Kilhue,  in  which  a  tube  of  parch  men  t-[m{>er  contains  the  solution 
to  be  subjected  to  the  process  of  diffusion.  As  these  tubes  are  now 
very  frequently  made  of  parchment-paper  which  is  not  perfect,  it  is 
very  convenient  to  adopt  the  following  plan,  which  has  been  com- 
municated to  the  author  by  Mr  Benger.  of  Messrs  Mottershead  and 
Co.,  of  Manchc-stcr,  and  which  answers  admirably.  A  sheet  of  I)c 
la  Rue's  parchiiieut-papor  ia  soaked  iu  water,  and  when  thoroughly 
pliable  is  drawn  together  so  as  to  form  a  bng  into  which  the  liquid 
tu  be  dialysed  la  poured.  The  bag  is  then  tied  up  tightly  and  Sim* 
pc-nded  in  a  stream  of  runninc;  water.  If  it  be  desired  to  remove 
the  last  tracca  of  ditTu.siblc  substances,  such  us  peptones.  From  the 
aolutioQ  of  pepsin,  the  process  of  dialysis  must  be  carried  on  for  a 

'  Dr  EraaUniliow  In  l>*&i  wiw,  ODCurdintt  to  Hainuuittea,  the  lint  to  iB«k«  die  of 
dltbils  fcr  t]i«  prepttinliou  vf  piiTu  Bvlutiunx  of  pepsin. 

»  *.  Vittioli.  "Dm  IVpein  und  aeina  Wirkucg  ftuf  lijutfibrin.'  t'Hugoc'i  JreAiu,  Vol 
V.  p.  4fl6, 

■  HunmuiUs.  ■  Uvbet  diu  IndifTuubllititl  dua  Pv])!unB.'  Mttly'e  Jahraktrickt,  ToL 
HI.  (1B74),  p.  16a 
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Oonuii«i«imi  Various  preparations  have  been  sold  in  commfiice 

pnptnUau  under  the  Dfimc  of  Pepsin.  Olticinnl  pepsin  has  in 
etvn^a.  Diauy  casL-a  cooidatcd  merely  uf  the  diied  mucous  mem- 

brano  f>f  the  stomach  of  the  pig  reduced  to  powder  and  mixed  witl 
starch  or  inilk-»ugar.  SoniB  ha»  couuslcd  of  a  product  uiade 
caseutially  by  Wasmann's  method  (see  p,  85)  mixed  with  Imge 
quantities  of  starch  or  sugar.  One  of  the  most  active  of  the  prepara- 
uonH  of  commerce  is  miule  by  a.  method  devised  by  Scbaffer,  and 
wiiich  rests  upon  the  following  facts.  If  to  artificial  gastric  jiiioe 
Bodium  chlorine  be  added  in  Inree  qunntities,  the  albumoses  which 
are  held  in  solution  arc  precipitated  aud  rise  to  the  surface  as  a 
scum,  which  may  be  ladled  off;  this  scum  is  however  rich  in  pepsiit. 
which  15  mechanically  retainod  by  thu  albumuaes  as  it  i«  by  th« 
calciuu]  pliosphate  precipitate  in  Briicke's  process  of  pepsin  prepa- 
ration. The  scum  ia  collected  and  preserved,  and  is  uiibor  drud 
and  afterwards  powdered,  or  it  is  mixed,  whilst  yel  moist,  with  sugar 
of  milk.     In  both  these  forms  it  has  been  sold  in  commerce. 

Various  very  octivo  preparations  of  pepsin  hare  of  late  made 
their  wuy  id  commerce,  as  for  Instance,  Jensen's  '  Co'stal  Pepaia.' 
Liebreich's  'Pepsin  Kssenz,'  Benger's  'Liquor  Pepticus,'  and  Bul- 
lock's *Acid  Glycerin  of  Pcpaio,'  which  last  is  a  glycerin  extract 
of  extraurdinary  and  remarkably  uniform  strength,  aud  possessing 
scarcely  any  other  taste  than  that  of  glycerin. 

Having  described  the  various  modes  of  obtaining  pepsin  and  its 
preparations,  it  is  necessary  to  discuss  the  nature  of  the  acid  or  adds 
of  the  gastric  juice,  before  undertaking  the  study  of  gastric  diges* 
tioD,  from  which  alone  wc  can  derive  any  satisfactory  iuformatiuD  a& 
to  the  properties  of  pepain. 


Sect.  8.    The  Acid  (on  Acids)  of  the  Gastkic  Juice. 


* 


It  wax  pointed  out  in  the  historical  account  of  the  earlier  re- 
searches on  digestion  that  many  of  the  older  writers  supposed  gastrie 
digestion  to  be  due  to  tlie  sucretiuu  of  au  acid  corrosive  fluid. 

The  fact  that  the  gastric  juice  was  esBentiallu  an  acid  fluid  wns 
not  ndmitted  until  nearly  the  first  quarter  of  llie  pu-sunt  century 
liiui  paa-ied.  It  is  true  that  Nume  observers,  ait  Carrniuati,  Bnuna- 
telli.  Viridet.  Werner',  Mnntegre',  had  experimentally  determined 
that  in  particular  coAes  the  gastric  juice  had  an  acid  reaction,  but 
their  observations  were  not  eupportrcd  by  those  made  by  Spallaozaoi 
and  others*.  Moreover  certain  of  the  evidence  adduced  in  favour  of 
the  acidttv  of  the  gastrie  juice  was  not  sufficitjut,  us  we  uuw  kiievr, 
to  prove  trio  fact;  as  for  instance  that  milk  is  curdled  by  the  secre- 
tion of  the  stomach,  a  phenomeuoD  now  known  to  be  indepcudeut 
of  an  acid  reaction. 

■  CftrminkU,  Ilnigu&Wlli,  Vuidet,  Weruei,  <iuotod  by  Tleilemaiia  uid  QmtliB  ia 
Pic  Verdatuinij  Rtir'i  Vtrmchen,  Vol,  I.  p.  147. 

■  Monl£gTe,  Sur  la  Diii^ttion  d/  Vllomm/.     Pkria,  1804. 
»  See  Maaouditi,  i^4r:it  eUmtniairr  d?  Phytiologie,  T.  a.  p.  II. 
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Id  18S4)  Dr  Prout' published  his  investigations  on 
iho  nature  of  the  acid  of  the  jjastric  }uico,  which  upere 
conducted  upon  the  watery  Kolution  of  the  acid  con- 
tents of  the  fit^macha  of  aniraftls  killed  during  diges- 
tion, and  upon  acid  vomitt-d  inatU-R  ol'man.  Ur  Prout 
did  not  merely  determine  the  acidity  of  these  liqtiida  by  aaeyrtaiuiug 
tlie  amount  of  alkali  required  to  neutralize  them,  btit  he  shevred  that 
besides  contaiuing  considerable  quantities  of  chlorides,  the  acid  con- 
tents of  the  stoDOach  contained  hydrochloric  acid  which  could  be  sepa* 
rated  by  diatillation. 

Theae  obscrvatious  vrere  confirmed  by  Children*  and  by  Bra- 
connot*.  Tiedeiuuuii  and  Oraolin*.  though  admitting  that  they  hnd 
in  certain  cbsvs  diiicovcrvd  hydruchloric  ucid  in  the  coiiteuta  of  tht 
jitomach,  wer«  of  the  opinion  that  Prout  bad  been  in  error  in  con- 
sideriug  it  as  the  only  acid  present,  as  they  had  found  both  acetic 
acid  and  butyric  acid. 

Beaumont's  obaervaliona  on  St  Martin  conclusively  reconciled 
the  diftcrHpant  Htatements  of  previouH  obiiervers  by  ahewine  that 
whilst  the  gastric  mticous  membrane  may  have  a  neutral  or  alkaline 
reaction  during  fagting,  the  gastric  juice  has  Invariably  an  acid  taste 
aad  acid  rcoctioa.  Au  cKaminatiou  of  the  gastric  juice  mode  by 
Professors  Duuglison  and  BmmetL*  in  1833,  coufirmcd  Prout'a  state- 
mcnt  that,  on  dii^tillation,  gastric  juice  evolves  hydrochloric  acid. 

Pruut  had  ijt<arched  for  lactic  acid  in  tlie  gastric 
juice,  but  had  failed  to  find  it.  Lehmann.  however, 
arrived  at  nditfereiitresidt*,  and  he  coneluiled  that  lactic 
acid  is  really  the  uormaL  acid  of  the  gastric  juice,  and 
that  the  hjurocliloric  add  found  by  Prout  and  otlierHin 
diatilliug  the  gastric  juice  was  pruduct.tl  during  bho  process  uf  distitla- 
tiuu  by  the  action  of  free  lactic  acid  upon  the  chlorides  of  the  juice. 
This  viuw  Lt^humnn  iiub»ef|Uontly  inodlhed,  admitting  the  presence  in 
the  ganric  juice  both  of  "free  lactic  acid  and  lactates,  in  addition  to 
free  hydrochloric  acid'," 

Many  observers,  as  Bernard  and  Barreswilt*,  Pelouse*  and  Dundu 

'  Proat,  Philotophical  Trtinntetimu,  lH%i,  I'arl  i.  ]).  46. 

*  Ohildroo,  AnnaU  nf  PhUmopliii,  (or  July.  lt4-24. 

*  BniaonBOt,  AnnaUt  4*  CliimU,  Vol.  ux.  p.  HIS, 

*  TMvDUJui  a.  Uraelin,  Oji.  ■-'(.,  Vol.  i.  p.  1S1.  Tbei*  nntbon  disooTfrred  tha 
W«Moo«  ct  hydtoohlori-c  aaid  in  liio  gniitrio  Juicw  inJupcndMitly  of  Prout,  u  tliciv  iarunii 
th«  Kid«r  ia  ttao  Prtfaee  to  th^ir  ^treiil  work :— 'Prt>nt  gabUhmt  Aw  Rhro  Ait  emtvn 
Kntdevktum.  Aber  wir  habon  ftic  eb«nfAl1ii  anabhiiiieig  von  ihm,  in  Fobruar  Wii, 
M  der  DiBtiUktioii  nnclilciIi<'Di<r  Mai(ceiilltluigkailen  antdcckt,  aai  enl  eiD«u  ModbI 
BMililivi  hau  uu  Mlns  Abbandluug  utwf  di«Mn  Gtgeniund  lu  UMlctii.'  iVoI.  l 
?rrfue.  p.  11). 

*  Profenur  Diiii|;1Uob'*  report  t«  publinhtrJ  lu  RenaaHint'*  wotk,  |«|^  (19. 

*  Lvbrnann,  Hmcht  d.  (Jt»tUtcha/i  tUr  WUtrmeha/ten  ta  L^ijmi^.  VoL  t  lBi7, 
p.  100. 

'  Lohmuiii,  Phgriolojfieal  ChtmUtry.    CaveiuUtli  Soei«l7.  ISfii,  Vol.  I.  p.  SS. 

*  Clauds  Bnn&nl,  l^rout  ilt  Phynotofie  rxpirimitilaU  apfliou^  It  Ut  MtUeint, 
Vol.  n.  J1U6>. 

*  PHOUM,  Cimptt*  Jttttihu.  Vol.  nx.  p.  1327. 
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Thomsau',  camo  to  the  stitne  conclusion  as  Lehmann,  and  opioioDS 
werw  iimcl)  tiividoil  as  tn  the  cauitus  of  the  acidity  of  the  gautnc  juice 
until  the  researches  of  C.  Schmidt  about  to  be  referred  to. 

c.  Scbmldt'a  As  a  result  of  eightceu  oooconiant  analyses  of  the 

re»«reiiM.  g^tric  jiiiccof  carnivorous  auimals,  Bidder  and  Schmidt 
anoouiicfd  iii  1832  that  llie  gastric  juice  of  aniiiiaU  which  have  pre- 
vionsty  fiwtod  for  a  period  of  18 — 20  boiire  contaiiiB  oniif  free  hydro- 
chloric acid  and  no  trace  of  lactic  acid  or  of  any  other  organic  ftcid- 
Thti  gastric  juice  of  herbivoroua  auimale  was  however  found  to  oonlMn 
small  but  variable  quantities  of  lactic  acid,  doubtless  derived  from 
the  starchy  constituents. 

The  method  followed  by  C.  Schmidt  consisted  ia  precipitating  a 
weighted  nufintlly  (100  grammes)  of  gartric  juice,  which  had  been 
strongly  acidified  by  nitric  acid,  with  silver  nitrate.  The  silver 
chloride  thus  precipitated  was  aftor  suitable  treatment  weighed,  and 
rurnished  the  total  amount  of  chlorine  present  either  an  hyurocbluric 
acid  or  in  combiuatiou  with  baseo.  The  Bltrate  was  theu  freed  from 
silver  by  the  addition  of  an  exceaii  of  hydrochloric  acid,  evaporated  to 
dryness,  ignited,  and  the  total  amount  nf  biLses  present  determined. 

It  was  found  that  in  every  case  the  amount  of  CI  present  wa» 
larger  than  coidd  have  been  the  case  had  the  whole  of  the  bases  been 
preeent  as  uhlorides.  Further,  the  amount  of  free  acid  present  was 
deicrraiued  by  neutralizing  with  weighed  quantities  of  solutions  of 
caustic  potash,  uk  well  ob  of  lime  and  baryta  water,  and  it  was  found 
that  the  amount  of  base  required  for  neutralization  corresponded  to 
the  amount  of  liydrochloric  acid  determined  by  the  first  method 
of  research,  whilst  had  lactic  acid  been  present,  a  larger  quaatity 
of  alkali  would  havo  bi^eu  needed  for  neutralization *, 

Since  these  investigatious  of  0.  Schmidt  it  has  been  admitted  that 
the  cause  of  the  ueiditv  of  the  normal  gastric  juice  is  hydrochloric 
acid,  though,  as  will  be  shewn  in  the  sequel.  Kichet  has  of  late 
advanced  the  view  that  the  acid  is  conjugated  with  an  organic 
body,  presumably  leuciii. 


Certain  Colottr  Reacticms  depending  upoiv  the  nature  of  the 
Acid  of  the  Gastric  Jmce. 

Various  colour  reactions  have  been  discovered  of  late  jesn,  whlc 
unable  us  to  di.'^crimiuatc  between  dilute  solutions  of  mineral  and  of 
organic  acids;  these  have  been  applied  to  the  investicatioti  of  thi- 
gastric  iuicc  with  the  result  of  conftnning  the  observations  of  Pioui 
and  of  C.  Schmidt,  and  of  proving  that  the  h«aJthy  gastric  juice  con- 
tains a  free  mineral  acid  and  therefore  hydrochloric  acid. 


'  Thomson,  Lonitim.  Kiiin,  tind  Dulitin  Phitcuiph.  Ma;i.,  ISU. 

'  £lddet  n.  Scfami'lt,  Hie  VTntaiitingtntftf  tttul  ilcr  Sti^irtehttl,  page  U  el  nq|. 


CHAP.  II.]       THE  COLOUR  REACTIONS   OP  OASIRIC  JUICE. 


93 


aabutMn'i  WhcD  sUrth   mucilage  is  mixed  with   potassimn 

"*****■'■  iodate  auil  iodide,  a  golutiou  is  obtained  vflacu  is  blued 

bjr  a  dilute  solution  of  hydrochloric  acid,  but  Qot  by  a  dilute  solution 
of  Inctic  or  acetic  acid.  The  ruageub  employed  by  Rubuteau  wa^i  made 
bj  adding  to  50  c.c.  of  starch  mucilage  1  gnu.  of  potassium  iodate  and 
O'Sgnn.  of  potassium  ioiHde.  Kabut«ati  found  that  the  gastric  juice 
iavariably  caused  a  blueing  of  tbe  solution,  and  this  c^>uld  not  have 
be«D  the  case  bad  the  gastric  juice  owed  its  aciditj'  to  an  organic 
acid. 

R«ocii'B  J.  Reoch'  observed  that  n  mixture  of  citrate  of  iron 

rt*<M«B.  aud  quinine  audof  potassium  Hulphocyanidcwfls  coloured 

red  by  gastric  juice,  just  as  it  is  oy  a  dilute  aolutiun  of  mineral  acids, 
whilst  a  dilute  solution  of  orguuic  acids  does  uot  lead  to  the  formation 
pf  the  red  ct»lo.ur.  The  reageul  has  been  DioJified  by  Szab(>'  aud 
employed  in  such  a  manner  as  bo  pcrmitof  an  etstimate  of  the  amount 
of  mineral  acid  being  found. 

Equal  volumes  of  half  per  cent-.  Bolutions  of  amiiioDium  sulpho- 
cyaDiae  and  of  potaesio>sodic  tartrate  are  mixed.  0:ie  cubic  ceoti- 
mctxu  of  the  pale  yellow  solution  is  coloured  of  a  brownish-red  colour 
by  the  addition  of  0"5 — I'Occ.  of  a  dilute  hydrochloric  acid  containing 
1  part  of  HG!  in  lOOU  parts,  whilst  a  aolution  of  lactic  or  of  acetic 
acids  produce  do  reaction  unless  the  acid  amount  to  15  or  20 
per  cent 

With  this  reagent  it  c&n  be  shewn  that  the  gastric  juice  of 
healthy  animals  contains  a  mineral  acid. 

A  solution  of  methyl-anilin  violet  ia  first  of  all  ren- 
dered blue,  then  green,  and  ultimately  decolourized  by 
dilute  solutions  of  mineral  ociiIa,  whilst  dilute  organic 
acids  do  not  affect  the  violet  colour.  The  reaction  was  Ant  obKrved 
by  WitJE,  tlien  applied  by  Hilgor  to  the  detection  of  stulphuric  acid  in 
vinegar.  Maty  subsequently  employed  it  in  researched  connected 
with  phyMologieal  chemistry. 

It  would  appear,  however,  from  the  observations  of  Ewald'  and  of 
Uffelraauu"  tliat  this  reagvnt  does  not  give  perfectly  reliable  resulu 

'  lUbutcaa.  Gautle  UfdUah  de  Pnrii,  IdTi.  p.  114.  ThU  stithor  lubwqoentlj 
oonflrmcd  th«  proMDC*  of  UCl  in  the  giuitrio  juiae  by  •  brilliniit  eip«riiueDt>  He  tounU 
tln4  wliMi  (|iiii]ino  Ja  ftddod  tt^  tlir  i^tutric  ji>in»,  it  u  diMolviv)  in  connideraU*  Amount, 
aad  h«  laeMtded  in  Mpkralintt  in  a  {u^rfectly  pnra  and  ciyatKlli^oA  «ODditJoti  bjrdm- 
ohkml*  and  not  laotatn  of  quiniap.     VomnU*  Rfiului,  lxii.  (1H75),  p.  61. 

■  Beocb.  'Tha  Acidiljof  theOaalrio  Jnice.'  Joarnato/  Anal,  and  Phjf*..  VftL  zir. 
(1874).  p.  374. 

*  dmU,  'Zur  KftonUkiiB  dor  tnuen  8j>ure  iv  nteoBchlicb'ei)  M«gonftaft<tf.'  Xtit- 
tthrl/tf.  phyt.  Chfm..  Vol.  I.  (1877),  p.  1S3. 

*  Haly,  ■  Unter»u«liaiigeii  iHmt  <\i*  MitU)  sui  Sdanbildunif  im  OrgasUntW.'  *•. 
Ztiuehrijt  J.  phyt.  Chtinif,  Vol.  i.  p.  171.  (8eo  '  QuKlitalivor  NMblMla  ttatM  8sls> 
■Inrv.'Av..  p.  IHU.) 

*  C.  A.  bwald.  'U«ber  du  ai)gebli«li«  i^cblen  d«r  Trviitn  SnlxMun  im  Mk^onfto.* 
Xtittchr.  i,  kUn.  Uedicin.  t.  619. 

*  I'flciiiuEuii  'UutiHf  die  Uetliode  dcr  t^ntcTKaoliiint;  irt  M>sui>ioballeB  auf  ficin 
tiSarco.'     Arthitf.  Mm.  iJediein,  Vgl,  sxn.  p.  431. 
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vhen  employed  in  the  iuvesti^ation ,  of  gutric  juice  aa  orilitiBrilf 
obtained  ou  accouDt  of  the  presence  of  proteid»  in  iL  The  same 
remark  applies  to  CO  tropnuolin,  which  has  been  employed  in  ibe 
iDvcstigation  of  gastric  juicu,  but  which  ia  not  to  be  reltca  upon  in  the 
presence  of  the  oi*(raiiic  matters  which  it  contains. 

00  TnjsBo-  A   Solution    of  this   budy  (the   ]>otassiuni    sail  of 

iia  reacUoQ.  phenyl  amidn-azobcrnznne-sulphonic  acid)  is  made  in 
ftlcohnl.  A  few  drops  of  th«  yellowiBh  solution  are  added  to  the 
liuuid  to  be  tested.  If  a  uitn^r&l  acid  be  present,  a  6iie  pinkish  r«d 
colour  is  developed,  hut  if  a  dilute  organi<:  a^d.  do  change  occurs  or 
the  solution  merely  becomes  of  ft  more  reddish  yellow  tint  without 
shewing  any  of  the  pink  of  the  HCl  reaction. 

This  reagent  may  be  employed  in  a  different  miUiQcr.  Drops  of 
a  Maturated  solution  arc  allowed  to  evaporate  uu  a  porcelain  slab  at 
W  (J.,  and,  whilst  at  this  temperature,  a  drop  of  the  liquor  to  be 
tested  is  added,  when  on  evapi>ration  a  violet  .^tain  is  left  if  HCl  be 
present  "006  per  cent,  of  pure  hydrochloric  acid  can  thua  be 
detected. 

^^^^^  This  colouring  matter,  which  is  soluble  in  water, 

fumiahus  an  exceedingly  delicate  test  for  free  acids^and 
for  their  detection  it  may  be  employed  in  aqueous  solution  or  by 
saturating  tilter  paper  in  it  and  then  drying  it. 

Free  hydrochloric  acid  even  in  very  dilute  solutions,  changes  the 
red  to  ail  iutense  blue  colour,  whilst  organic  acids  c&usc  it  to  assume 
a  violet  tint, 

Thin  reaction  appears  to  the  author  one  of  the  most  sensitive  and 
most  uReful  u-hicL  have  been  «ugget;ted  fur  the  detection  and  dift- 
crimination  of  the  adds  of  the  gastric  juice. 

BmtniA-  Papers  staioed  with  llaXi  colouring  matter  are  not 

*"•'■  affected  by  Kolutiona  of  organic  acids,  however  concen- 

trated, whereas  dilute  solutions  of  hydrochloric  acid  change  the 
blui.ih-greBU  tint  to  a  grass-green  colour. 

puioro-  "The  reagent  recommended  by  Gilnsburz  contains 

^H«ia  ud  2  grijig.  of  phloro-glucin  and  1  gramme  of  vanillin 
diBaolved  iu  lOO  cc.  of  alcohol.  When  hydrochloric 
acid  is  added  to  thiti  solution,  it  deposits  beautiful  rod  crystals.  For 
the  detection  of  the  acid  in  ga^ttric  juice  it  is  employcil  thus: — To 
the  fluid  to  be  tested  for  U'Cld  au  equal  quantity  of  the  relent  tS 
added,  and  the  mixture  evaporated  in  the  water  bath.  The  presonoe 
of  hydrochloric  acid  is  shewn  by  a  delicate  rose-red  tint  on  the 
surface  of  the  porcelain  dish.  la  this  way  so  little  as  0-OG  per  cent, 
of  the  acid  is  discernible,  and  the  reaction  is  not  impeded  bj  organic 
acid,  albumin  or  pepton'." 


<  V.  Jakiiob.  'CUaioftl  PugOMtB.'   TrHi<Ut«il  trom  Ibe  2diI  a«rm.  BJiiioD  bj  3tmm 
Cagney,  H.A.,  M.D.  Ac     LvndaD,  OhutM  Oriflin  Mid  0«,,  18H,  m«  ftfm  99  tad  K. 
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BMW-  A  Bill]  more  sensitive  colour  test.  Is  said  to  be  fur- 

'"''*''^  oislied  by  benzo-purpurin,  although  tlie  author  cannot 

speak  of  it  from  bin  own  experience.     The  following  account  is  taken 
from  V.  Jaksch. 

"  Vive  milligramraes  will  serve  to  shew  (V39  milligramines  of  Hcid 
dissolved  ■□  6  c.c  of  water  [UelLetilim),  caueinj;  the  durk-tvd  colour  of 
the  soIutioD  to  give  place  to  a  light  riolet,  A  Minilar  change  is 
effected  with  acetic,  formic,  and  lactic  acids  ;  hut  the  colour  obtained 
with  organic  acida  is  rather  a  hmwnish-violet,  and  requires  a  greater 
quaotity  of  the  latter  for  its  production ;  in  the  cate  of  acetic  acid, 
nut  tesB  than  OH-t  milUgramtae.  Test  papers  may  be  prL-pareJ  by 
soaking  strips  of  filter  paper  in  a  saturated  watery  solution  of  benzo- 
purpunn,  and  subsirfjuently  allowing  them  to  dry.  If  one  of  these  be 
placed  in  giulrte  juioo,  it  will  iinmodiately  stain  a  dark  blue,  provided 
hydro<Jiloric  acid  be  prt-sfnt  in  a  proportion  not  less  than  0'4  grm.  to 
100  ac.  A  brownish-black  tint  maybe  due  to  the  presence  uf  organic 
(lactic  or  butyric)  acids  ;  or  from  a  mixture  of  these  with  hydnx^hloric 
acid.  The  ambiguity  in  this  case  may  he  dispelled  by  placing  the 
paper  so  stained  id  a  test  tube  and  shaking  tt  up  with  sulphuric  ether, 
-wheu  so  much  of  the  colour  as  is  due  to  tne  presence  of  organic  acid 
will  Hpeedily  disappear,  leaving  a  li";hter  stain,  or  restoring  the  paper 
to  its  original  tint  If  hydrochloric  acid  alune  be  present  itu  change 
will  be  effected  in  this  way,  and  cvud  after  the  lapse  of  twcaty-four 
hoor«  the  blue  stain  will  he  only  slightly  dinplaced'. 


Is  th€  Acid  of  the  Gtutric  Juice  free  Htfdrochlonc  Acidt 

The  obaorvatioDs  of  Carl  Schmidt  proved  that  the  gaetric  juioe 
contains  a  chloriue-coDtaining  ucid  uncunibinL-d  with  buses,  and 
taken  iu  conueclion  with  the  facts,  firstly  that  the  gastric  juice 
yields  free  hydrochloric  acid  on  evaporation,  secondly,  that  the 
gastric  juice  yields  tb(;  same  reactiuuK  with  ci<rtain  reagents  (methyl- 
violet,  lleocb's  reagent,  O0tropaeolin)afl  adihite  solotion  of  a  mineral 
acid,  it  would  apjwiar  in  the  hlghetit  degree  probable  that  the  chlorine- 
containing  acid  is  in  reality  hydrochloric  acid. 

It  has  however  been  maintained  tlist  in  some  particulars  tlia 
gaatric  juice  does  not  behave  exactly  like  a  dilute  solution  of 
hydrochloric  acid  of  the  same  degree  of  acidity.  Some  of  the  Hup- 
poHcd  points  of  diffvrcucu  duponu  however  upon  erront  of  obeorva- 
tlon,  and  others  ai-u  explained  by  the  modifying  influence  exercised 
u^n  the  bydr<>chloric  acid  by  the  organic  matters  of  the  gastric 
juice. 

It  was  asserted  by  Blondlot  that  gaatric  juice  does  not  decompose 
calcium  carbonate,  and  the  supponetl  fact  was  uned  aa  an  argument 
in  support  of  Blondtot's  theory  that  the  acidity  of  the  gastno  Jaioe 

■  ▼.  Jakseli,  Op.  eit..  p.  09. 
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was  due  to  acid  sodium  phosphate.  "  Dumas,  Melsens  and  Bemanl 
have  found  that  not  otUy  the  carbonate,  but  also  basic  calcium  plic^ 
phate  ia  soluble  in  gastric  juice,  as  also  are  even  lead,  xinc  and  iron, 
nydrogflo  being  niinultaoeously  (tcvoloped'." 

Bernard  unJ  Barrt^-sivill''  also  uiuiutaiiiisd  that  tfac  insolubility 
of  ealdum  oxaLnt^  iu  tLo  gastric  juice  proved  that  it  did  not  ow« 
ita  a.cidity  to  hjdrochlnric  acid,  iuastnuch  as  a  Kolutiuu  of  bjdrochlocic 
acid  coutaining  one  part  uf  the  acid  per  niiU«  dissolves  the  Bait. 
It  has  been  ahewo.  however,  that,  the  organic  matters  of  the  gaetric 
juice  muBt  be  the  htnderitig  cauHo,  as  when  gnstric  juice  ia  neutralized, 
and  then  its  natural  acidity  restored  by  the  addition  of  bydrochloiic 
acid,  the  solution  is  incapable  of  dissolving  C,0,Ca,* 

Laborde*  thought  he  had  diecuvercd  au  iinportaut  point  of  di^Ter- 
ence  between  gastric  juice  and  a  dilute  solution  of  hydrochloric 
acid  uf  corresponding  acidity,  by  shewing.  Hrst,  tbut  such  a  dilute 
solution  of  pure  hydrochloric  acid  when  treated  willi  a  solution  of  cane- 
sugar,  possesscB  a  more  powerful  inverting  action  tlian  the  gastric 
juice ;  llie  inverting  power  of  the  latler  corresponding  to  that  of  a 
solution  of  lactic  acia ;  secondly,  that  when  &tarcli  is  heated  with 
a  dilute  solution  of  hjdrochl«ric  acid  (containing  only  0"2o  of  HCl 
per  mitl«)  at  155°  for  two  hours,  it  its  entirely  converted  into  dextrin 
and  grape<sugar,  whilst  n'ith  gastric  juice  under  the  same  circom- 
stances  the  convetaion  of  starch  is  much  less  complete. 

Szab6*  has  auhjected  Laborde'a  facta  to  a  aearching  investigation, 
with  the  result  of  shewing  that  peptones  interfere  with  the  actios 
cxertvd  by  dilute  hydrochloric  acid  upon  starch;  in  spite  of  this 
interference,  gastric  mice  has  an  action  which  ia  much  more  iikt«nse 
than  that  of  dilute  lactic  acid,  and  which  is  essentially  the  same  a» 
that  exerted  by  dilute  hydrochloric  acid. 


The  liesertTxhes  of  Richet. 

An  important  scries  of  researches  has  boon  performed  by  Richel 
of  late,  which  in  the  main  con&rm  the  researches  of  Schmidt,  thougli 
they  have  led  the  author  to  an  hypothesii!  which  is  yet  un- 
proved. 

Eichet,  following  in  esaentia!  particulars  Schroidt's  metliod  of 
analysis,  came  to  the  conclusion  in  the  Hrst  place  that  the  gastric 
juice  contains  a  free  chlorine- containing  acid. 

>  LeluDADii,  Fhynohgi<Ml  Chtmutrj/.    CnvnadiBh   Societ;,  cditioo  lABS,  To],  tt. 

'  Ikrnaril  iiD<l  BArMswill,  Clnude  Bern&rd,  Lffon*  dt  Phyt,  Etftr.  applifmtt  A  la 
Uidreiiif,  I8£».  Vol.  U. 

1  KiUinu.  Lehrbueh  it.  phijtiol.  Clirnii',  p,  SI. 

*  Lnbonja.  -NouvoUmi  leclitrcheii  t>ur  I'licide  libra  du  nui  sastriqw.'  Oojrttf 
m^MtaU  tif  I'nrii.  1S7*.  Ko.  S3~84- 

'  Sxahfi,  '  B-citra^  mar  Kenotniiis  dcr  fieini  Siiure  den  lauuiclilicliva  UagMMaitw.' 
HeiUck.f,  phi/f,  Chemie,  Vol.  i.,  p.  1-10. 
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By  adopting  a  new  in«thod,  to  be  immediately  referred  to,  he 
proved  also  more  satisfactorily  than  had  erer  lieeo  done  before, 
that  fresh  gastric  juice  owes  its  acidity  to  a  siugle  acid,  though 
after  the  gastric  juice  hns  been  kopt  for  some  time  it  undcrgoea 
dacompoaitiooB  which  lead  to  the  appearance  of  more  than  one  acid. 
Richet  hns  however  been  led  to  the  conduwon  that  the  chlorine- 
ooDtainiug  acid  of  the  guutric  juice  is  not  free  hydrochloric  acid,  but 
•A  acid  conjugated  with  leucine. 

ft^tt^va  jn  endeavouriDg  to  decide  the  question  whether 

2~^'*  ^    the  gastric   iuico  contains  a  mixture  of  acids  or  one 
vxtar*  ot  wOOa    ^^  ooiyi  Richut'   iimdu  itae  ot  a  method  duviaud  by 
la  aoiutiaB  tty    Berthelot,  which    will   doubtlL'SS  b^  of  much    use    La 
tbiT     'co«eB-    future  rcscarclica  in  phyniological  chemistry, 
^tofdirtrt-  ji,y  „n.tht»d  rwHts  upon  the    following  priuclplea : 

When  a  wat«ry  solution  of  an  acid  is  shaken  up  with 
an  e<iiial  volume  of  pure  ether,  the  latter  Huid  taken  up  a  certain 
proportion  of  the  acid,  which  varies  with  the  nature  of  the  acid 
and  with  the  t<'mperature.  The  ratio  of  the  amount  of  acid  con- 
tained ID  the  ether  to  that  remaining  in  the  water  is  therefore  con- 
stant for  each  acid  at  a  gtveu  lemperaCure  ;  by  dividing  the  number 
czpre»)iDg  the  acidity  of  the  water  (uxpccascd  for  instance  in  terms 
of  a  staaaord  alkaline  solution  uwhI)  by  the  number  exprcRiing  the 
acidity  of  the  ether,  wc  obtain  as  a  quotient  the  "coefficient  de 
portage"  of  Berthelot,  which  we  may  term  the  *' coefficienl  o/repar- 
tition  '  or,  perhapa  better, '  cof^-cient  of  distribution.  In  the  case  of 
mineral  acide,  the  amounts  diitsolved  by  tUu  etbvr  are  very  small,  and 
the  coefficieots  arc  represented  by  high  numbers;  in  the  case  of  the 
organic  acids,  the  amount  soluble  in  ether  is  large,  and  the  cuefficienta 
ore  small  numbers. 

The  following  are  the  "coefficients of  repartition"  of  Rome organic 
adds: 

luetic    acid C=   8-8— ll-O 

Succinic    , C=   6-0 

Benxoic     «  C=   9*5 

Acetic       „  C=    1  + 

Tartaric     „  C  =  9C'0 

When  two  or  more  acids  are,  howcrer,  present  in  a  watery  solu- 
tion, the  dcterminntiou  of  the  coefficient  of  each  is  also  a  possible, 
though  uoce^sarily  a  mure  complex,  operation. 

By  employing  thw  method,  Hichet  fi>und  tliat  perfectly  fr^sh 
gastric  juice  contains  essentially  one  acid  with  a  very  nigh  coefficient 
of  distribution — an  acid,  that  is,  which,  as  the  miacrol  acids,  ia 
almoat  insoluble  in  ether. 


'  CH.  BiefaH,  Lt  Sue  Ootlri^utthaVhommtttUtAnlmauj.tapnfrittfjCMmi^uts 
rt  Pkunotofi^u**.     Pwfa,  1878. 
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How  vduable  fhe  methcMi  ia  in  eAtablishing  tbat  lactic  acid 
cmild  not  be  the  cause  of  the  acidity  of  the  gastric  juica  ia  shtvR 
by  the  following  experiment: 

Pure  gastric  juice  was  shaken  with  nthcr  and  the  acidity  of  the  acid 
and  ether  iifterwiirdi  determiaed.  The  coefficieat  of  riipartitioQ  wks  foond 
bo  W  137'1,  i.e.  the  amount  of  add  h«Id  in  solution  by  the  watAr  «m 
137'1  times  greator  than  that  hold  in  solution  by  an  equal  volutnc  of 
ether,  A  certain  cjuantity  of  tbe  sama  gastric  juice  wa^  now  treated  witii 
solution  of  baHum  lactate.  By  tbe  action  of  thi^  IlCl  of  the  juiee  apon 
this  salt  tJieni  «'ould  obviously  be  eet  frve  uu  L-qui>'alcnt  quantity  of  Uctic 
acid,  which  should  now  he  the  free  acid  of  the  juice.  The  coefficient  of 
repartitdoQ  waa  now  detennined  and  found  to  be  9 '9,  La  that  of  lactie 
acid. 

When  tbe  gastric  juice  ia  kept,  however,  aa  well  as  during  the 
proccEis  of  digestion,  there  are  formed  other  acids,  such  as  utettc. 
DutjTic,  and  itcetic,  the  occurrence  of  which  will  be  again  referred 
to,  in  discussing  the  cbaogca  which  go  on  in  the  stomach  daring 
digestion. 

Although  Biehet  concludea  from  his  researches  that  the  gafttric 
juice,  when  freab.  cootaius  but  one  acid,  and  that  a  chlorine-conuunii^ 
mineral  acid,  he  ia  led  by  an  experiment  now  to  bo  referred  to, 
to  the  opinion  that  this  ia  not  free  hydrochloric  acid. 

Hydrochloric  acid  \»  so  slightly  soluble  in  ether  tbat  it  doca  oot 
possesa  an  appreciable  coefficient  of  repartition.  If  however,  aa 
M.  Bcrthelot  shewed,  aQ  alkaline  acetate  is  added  to  dilute  hydro- 
chloric acid,  acetic  acid  is  act  free  and  a  chloride  formed  ;  if  then  we 
shake  the  mixture  with  ether  we  obtain  a  number  which  is  caieo- 
tially  the  coefficient  of  repartition  of  acetic  acid.  On  trying  this 
experiment  with  gastric  juice,  Richet  did  not  however  obtain  a 
coefficient  low  enough  for  acetic  acid ;  it  was  from  5  to  58  instead 
of  17.  This  fact  Richet  eiplaina  by  saying  that  the  qnnnti^  of 
acetic  acid  set  free  by  the  gastric  juice  was  to  that  which  hy- 
drochloric acid  would  have  set  free  as  0-4  to  I,  and  from  this  be 
concludes  that  the  acid  of  the  gastric  juice  cannot  be  free  hydro- 
chloric acid. 

Richet  further  has  found  tbat  by  digesting  at  45"  dilute  hydro- 
chloric acid  with  the  mucous  membrane  of  the  fourth  ntomnch  of  a 
calf,  a  solution  is  obtained  which  behaves  in  respect  to  acetate  of  soda 
exactly  like  gastric  juica  Upon  grounds  which  appear  to  the  author 
very  slender,  and  the  chief  of  which  is  that  he  hae.as  Kiihne  baa  done 
long  ago,  succeeded  in  separating  traces  of  leucine  &om  the  mucous 
membrane  of  the  stomach,  Richet  believes  that  there  ia  formed  in 
this  case,  a  conjugate  acid  of  leucine  and  hydrochloric  acid,  and  tbat 
imch  a  conjugate  acid  i»  the  normal  acid  en  tbe  gastric  juioe.  The 
anthor  in  conjunction  with  Dr  Haxlam  has  prepared  hydrochlorate  of 
leucine  and  finds  that  the  salt  docs  not  in  relation  to  pepsin  act  aa  an 
acid,  Le.  that  when  pepsin  is  mixed  with  a  watery  solution  of  the 
compound  of  hydrochloric  acid  and  leucine,  and  the  mixture  u  heated 
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to  40°  C,  it  possesses  do  digestive  properties.  Tlie^e  experiments 
apj>ear  to  ucg&tive  conclunivcTy  tlio  hypothesia  that  the  hyarochloric 
acid  of  the  gastric  juice  exist*  iu  combination  with  leucine. 

The  progress  of  research  will  probably  shew  that  the  deviation 
from  strict  normality  exhibited  by  the  liydrochluric  acid  of  the  gastric 
jiiioe  ia  due  to  the  organic  matters  which  it  contains.  Nevertheless 
the  information  obtained  by  Richet  on  the  main  question — viz.  that 
the  acid  of  the  fresh  gastric  juice  is  essentially  one,  and  that  it 
behaves  to  ether  as  a  miaernl  acid,  must  be  coDHidered  rs  having 
added  vcrv  gruotly  to  our  kuowledge  of  the  gastric  juice,  and  taken 
in  conncxtou  with  other  facts  aUo  discovered  by  him,  to  our  know- 
ledge of  ga&tric  digestion. 


Lactic  and  Buii/nc  Adda  in  the  Oattrie  Juice. 

Although  the  evidence  afforded  by  various  colouriuK  matters 
supportH  that  furnished  hy  other  methods  of  research  and  leads  ua 
to  conclude  that  the  essential  acid  of  the  gastric  juice  ie  hydroeblorie 
acid,  there  can  yet  be  no  doubt  that  the  juice  ubtaiued  during  the 
processes  of  digestion  contains  other  acids  and  e»pQcially  lactic, 
Dntvric  and  acetic  acidK,  together  frequently  with  free  vegetable 
acids  such  as  malic,  the  result  of  the  decomposition  of  salts  contained 
in  the  foal.  Of  these  acids  lactic  acid  is  probably  a  constant  physio* 
logical  constituent  of  the  juice. 

fleMnniftini  ^^  order  to  test  for  lactic  acid  in  gastric  juice,  the 

pieMDM  or  fluid  should  be  repeatedly  shaken  with  ether,  and  the 
imcuc  acid  u  ethereal  solutions  allowed  to  evaporate  spontaneously, 
saatnojnio*.  ^jj^.  fegidue  being  dissolved  in  water  and  subjected  to 
the  following  tests : 

1.  A  dilute  solution  of  ferric  chloride  is  made  hy  adding  from  2 
to  5  drops  of  a  10  per  cent  solution  to  50  cc  of  water.  Such  a 
dilute  solution  Ls  almost  colourless,  possessiug  only,  when  examined  in 
ihiu  layors,  a  very  faiut  i^traw  colour.  When  a  trace  of  free  lactic 
■cid  is  added  to  it  however,  the  colour  ia  at  oitce  chungi^d  to  a  much 
deeper  yellow-straw  colour,  a  result  which  is  not  produced  by  either 
byurochloric.  acetic  or  butyric  acids. 

2.  Dilute  A  4  per  cent,  solution  of  carbolic  acid  with  twice  its 
volume  of  distilled  water  and  add  to  it  a  few  drops  of  a  sohition  of 
fetrio  chloride,  which  will  gi%'e  rise  to  a  violet  colour.  When  a 
solution  coutaiuing  a  trat-'S  of  lactic  acid  is  added  to  a  small  quantity 
of  this  violet  coloured  solution,  the  colour  disappeais  or  rather  the 
videt  is  changed  to  a  yellow  colour  (UtTeliuanus  Reaction').  Tliis 
reaction  ia  inferior  in  vuue  to  the  first  meatioaed. 

>  Uadmutn,  DrutuA/s  Arehw/ttr  kUn.  SItd.  ToL  XXtv.  (19S4),  p.  W. 
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Mvtborts  or  The  gastric  juice  is  distilled.  &ncl  if  butyric  and 
topKnting  tin-  acGtic  Acida  are  prosoDt  they  will  pass  in  the  disitilkt« 
tyna  ud  othor  wlicrc  ihcy  may  be  dct«ct*d  by  their  physical  charactcn 
voutuft  meidi.  ^j.  ^^^  prepariajj  from  them  barium  or  lime  galta,  tnd 
determining  the  proportion  of  b&riiim  or  calcium  which  Uicy  contiUD. 
The  detormiuiitinn  of  the  'coeflicient  de  parlage '  of  the  distillaU' 
affords  moreover  an  easy  and  good  method  of  identificatioo. 


Sect.  9.  Seats  or  Forbiation  of  the  Mucns,  Pepsin,  and  Hydro- 
chloric Acid  in  the  Stomach.  The  Ajjtkckdekts  ov  these 
Bodies. 

Seckbtion  or  Mucus. 

During  fasting,  the  mucous  membrane  of  the  stomach  is  always 
covered  by  a,  tliiu  layer  of  mucus,  which  is  doubtless  bciDs  coatinu- 
ouhIv  xecreted,  thougn,  as  was  stated  previously,  thu  quautity  formed 
in  the  normal  state  of  the  stomach  is  less  thau  would  be  surmised 
ftorn  an,  examination  of  the  ntomacb  of  dogs  with  gastric  fistulae,  in 
which  the  cannula  keeps  up  a  coiulant  condition  of  irritation. 
When  gastric  digestion  is  proceeding,  the  secretion  of  mucus  occun 
even  more  actively  than  before.  The  gn^tric  mucus  is  produced  hy 
the  cylindrical  epithelium  cells,  which  covers  the  whole  internal  but* 
face  of  the  stomach,  and  of  which  the  protoplasm  uudergoes  a  trans- 
formation intp  mucin'. 


Tub  Pyloric  Glands  and  tub  Pyloric  Juice. 

It  has  already  been  remarked  that  the  gastric  glands  are  divisible 
into  two  classes ;  of  which  the  one,  the  so-cnlted  mucous  glands  of  the 
oldur  authors,  occur  in  some  animals  alone  at  the  pyJonc  end  of  tba 
stomach,  the  other  so-called  peptic  glauds  being  situated  &t  ihe  car- 
diac cad  of  the  organ. 

As  is  implied  by  the  name  mucous  glondii,  it  was  until  lately 
held  that  the  pyloric  glands  are  mucus-secreting  glands,  and  that 
the  vlemeuts  of  the  guHtric  juice  were  elaborated  in  the  so-called 
peptic  glands. 

Since  the  time  of  Eberle  it  has  been  known  that  any  part  of  the 
mucous  membrane  of  the  stomach  will,  if  digested  with  dilute  acids, 
furnish  an  active  digestive  fluid,  yet  it  was  soon  recognized  (Was* 
mann)  that  the  digestive  fluid  prepared  with  the  mucous  memimDe 
of  the  cardiac  end  of  the  stomach  is  much  more  active  than  that 
prepared  with  the  pylorio  end. 

When  V.  Wittich's  method  of  extracting  pepnin  from  the  gastric 
mucouH  membrane  by  means  of  glycerin  was  adopted  it  was  found 

.■  Heidenbsin,  Hemunn'*  Uandlmfh,  VoL  v.  Pu-t  L  Otup.  iii.  p.  18S. 


CBAF.  1L] 


'  pepsinogen/ 


101 


I 


too  that  whilst  fflycerui  extmcUi,  whether  of  pyloric  or  cardiac  end, 
coataiueit  pcpein,  in  the  latter  ca»e  the  extract  wa»  wry  much 
mora  active  thtui  in  tlie  former,  and  much  freer  from  mucin.  The 
riow  was  held  by  many  that  the  pylorin  glands  had  nothing  to  do 
witli  the  Kecretion  of  the  essential  [^onstiLuents  of  the  gastric  juice, 
and  that  the  pepsin  which  can  be  extracted  by  glycerin  or  by  dilute 
bydrochloric  acid  was  pepsin  which  had  been  merely  absorbed  by  the 
mucous  membrane  of  the  pyloric  region,  though  elaborated  by  the 
glands  at  the-  cardiac  end.  tn  the  discussion  which  took  place  on 
this  interesting  question,  v.  Wittich'  took  a  leading  part  in  support 
of  the  intbibitiwi-tleorif  of  the  origin  of  the  pepam  of  the  pyloric 
region,  whilst  Ebstoin  a-nd  Griitzuer  uiidorto<jk  to  prove  that  pepsin 

IiH  not  merely  a  product  of  the  activity  of  the  peptic  glands  proper, 
but  likewise  of  the  pyloric  glanda*. 


I 
I 


thMTJ       of       ft 

pv^Uuvenlo 
ntaUnM, 


Pepsinogen. 

The  views  of  Ebstein  and  Griitzner  were  largely 
founded  upon  the  observation  mmie  by  them  that  a 
hydrochlonr  acid  extract  of  n  giistrio  mucoiiH  mem- 
br&ne  digested  albumen  very  much  more  actively  than 
a  glvcerin  extract  of  a  gastric  mucous  membrane— 
the  two  extracts  bciug  diluted  with  hydrochloric  add  to  an  equal 
extent  before  beiug  tested.  The  difi'ereuce  in  the  digestive  power  of 
the  two  extracts  held  both  in  the  case  of  the  fundus  and  of  the 
pyloric  region  of  the  stomach.  The  method  of  comparing  <liapHtive 
power  was  that  of  GrUnhagen.  Oa  the  assumption  that  glycerin 
takes  out  all  the  {lepsin  from  the  gland-cells,  it  followed  that  there 
was  some  substance  in  the  mucous  membrane  which  in  some  way 
or  other  uuder  the  action  of  hydrochloric  acid  gave  rise  to  pepsin. 
This  pepmnogenic  Bubstancc,  as  they  called  it,  they  considorc-d  micht 
be  a  combinfttion  of  pepain  with  the  protcids  of  the  glaud-oellB, 
or  not  completely  formed  pepan.  The  proof  however  is  not  a  valid 
one,  since  slyi-'erin  does  not  extract  all  tb(^  pepsin  from  proteida; 
thus,  as  noticed  by  Wittich  and  by  Ebstein  and  Griltznur  tliemaelvea, 
if  fibrin  bo  placed  in  a  glycerin  extract  of  pcpmn,  it  takes  up  a 
portion  of  pepsin,  and  this  cannot  be  extracted  fi'om  it  by  glycerin ; 
and  the  same  holds  if  a  neutralized  acid  extract  be  taken  instead  of  a 
glycerin  extract.  Kbstcin  and  GrUtzncr  came  to  the  conclusion  that 
the  pepsinogemc  substance  was  not  extracted  by  glycerin:  that  it 
was  sput  up  by  dilute  sodium  chloride  solution,  as  well  as  by  hydro- 
chlonc  add,  to  give  rise  to  pepsin.  On  both  of  these  points  compare 
below. 


<  T.  Witiieb,  *  Uabw  dia  repsiniriTkang  tier  rjrloruiidruiw.'    POaffet't  Archiv,  VoL 


VtL  V.  IB. 


V.  BbMcto  and  P,  GrUUnei,  'Ueber  deo  Ort  der  PemiDbUduiiK  tot  Uas«lu* 
HttneBAnhlt,  Vol.  ri.  p.  1. 
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SobUT'iprv-  S<:faiff  observed  that  when  a  atomiich  was  treated 

^•^■'^  with  acidulated  water,  the  digestive  power  of  the  fluid 

increaeed  for  some  weeks.  This  he  coQsidered  to  be  due  to  ibe 
presence  of '  propepsin,"  which  was  only  slowly  converted  intopepaa. 
AppareuLly  hoMuver  pepsiiio^eu  la  converted  into  pepein  with  great 
rapidity  by  even  very  dilute  hydrochloric  acid. 

Although  EbsteiD  and  Or'dtzner  hud  brought  for- 
ward evidence  which  rend«rt:d  the  eslateuce  o( peptim- 
yen  mofit  probabk',  thu  most  couchisivc  proof  of  iu 
reality  ba^i  been  atldiiced  by  Longlcy.  Tlus  observer 
ahewed  that  pepsin  and  ite  precursor  pepeinogeu  be* 
have  very  diflerently  when  digested  at  40'  with  solution  of  sodium 
carbooftto,  containing  from  05  to  I'O  per  cent,  of  Na,CO,,  the  former 
body  being  Yery  readily  destroyed  by  it.  the  latter  coraparativeiy 
alowly ;  the  action  of  the  alkaline  aalt  causing  Brst,  however,  the 
appearance  by  degrees  of  pepsin.  When  aD  active  bydrochloh^ 
acid  extract  of  tlie  mucous  membraue  of  the  stomach  is  oeuLrmliM^H 
and  digested  with  the  above  solutioa  and  afterwards  ro-acidifiod,^P 
is  found  to  have  lost  its  proteolytic  power.  On  the  otlier  band,  whea 
a  watery  extract  of  the  luucous  membrane  is  digested  for  an  eqn&l 
time  with  solution  of  Na,CO,  of  the  same  strength,  on  subs«<iueotly 
acidifying  it  is  found  to  posseas  proteolytic  powers'. 

Pepsinogen  is.  according  to  Langley,  soluble  io  water,  and  so  is 
eolublc  in  glycerin,  unless  this  be  anhydrous;  it  ia,  however,  more 
soluble  in  salt  solution. 

From  his  researches  Langley  concludes,  "  That  the  gaetric  glands 
contain  no  ferment  during  life,  but  much  zymogen  or  substance 
capable  of  giving  rise  to  ferment" 

"  That  by  far  the  greater  part  of  the  zymogen  can  be  seen  io  the 
chief  (central)  cells  in  the  form  of  granules." 

"That  during  digestion,  the  granules  are  usually  used  up  in  such 
a  manner  as  to  give  rise  to  an  outer  non-graoular  and  an  'nana 
granular  zone  io  the  chief  cella." 

FurUm  re-  Continuing    bis    reaeorchca    in    oonjuuction    witli 

uudiM  or  Kdkins^,  Laugl^y  has  been  able  to  confirm  bin  original 
Linday  in  m-  coiiclufiions  and  to  add  eonijidcrabty  to  our  knowledge 
Mi£ia»*°  *^^  ^^  ^'^  relations  of  pepHlnogen  and  pepsin  and  tbe 
circuuistances  under  winch  the  latter  is  produced  from 
the  former.     The  following  were  their  chief  results: 

Pepsin  is  very  rapidly  destroyed  by  alkalies  and  by  alkatino  ealt& 
The  principal  conditions  which  induence  the  rate  of  destruction  of 
pepijin  by  sodium  carbonate  are.  the  strength  of  the  solution  of  U)6 

'  J.  N.  LanKle;.  'On  llie  Uietologj  or  the  MuuDiftliaii  Uwtrio  Olaads.  aoA  tiu 
reUdoa  at  Poiihui  tu  ibe  Ocuiulcs  bi  ikn  obkf  Ceils.'  Joumat  o/  PkuttoUm,  V(^.  la. 
p.  SOD. 

■  J.  N.  LaagiKj  uid  3.  H.  Edkius,  'Papsiuoeca  aQcl  Fvpeia.'  /ranMl  of  Fkftia- 
ia^,  VoL  VII.  p.  B7I. 
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alluUioc  salt,  tbe  time  during  which  it  is  alloweJ  to  act,  the  tempera* 
ture  of  tbe  mixture,  and  the  amount  of  protoids  present.  The  mere 
act  of  neutraliaiog  an  acid  pepsiu  auluUun  may  destroy  a  cunaidcrablo 
part  of  the  pepsin.  When  equal  volumeii  of  a  fluid  eoutaiuiug  p«?psiu 
or  1  per  ceut.  aututiou  of  »odiutn  carbonate  are  well  mixed,  the 
greater  part  uf  the  pep»iiu  in  duatroytid  in  iifttwn  (iecoadB;  in  & 
neutralised  ucid  extract  of  the  gaetric  mucoua  membrane  of  a  cat 
the  aiuouut  thus  deHtroyed  may  be  nearly  97  per  cent  of  the  whole. 
Evon  veiy  dilute  sodium  carbonate  (0'00&  per  cent.)  will  causu  an 
appreciable  destruction  of  pepsin  in  one  or  two  hours  at  the  body 
temperature,  provided  proteids  are  present  iu  small  amount  only. 

rrotei(U  leMen  the  rate  of  destruction  of  p«psin,  probably  by 
combining  with  the  alkali  or  alkaline  salt. 

Pepsin  prepared  from  a  frog  ia  less  rapidly  destroyed  than  pepsin 
prepared  from  a  mammal. 

The  difference  betwc-ea  pepsinogen  and  pepedn  on  their  be- 
haviour to  reagents  is  one  of  degree  only,  and  not  one  of  kind. 
Pcpaimjgen,  like  pephin,  is  destroye*^!  by  alkalies  and  alkaline  salts, 
but  the  dealruction  is  much  slower.  Pepsinogen  is  very  rapidly  con- 
verted into  pepsin  by  dilute  mineral  acius;  at  20'  C.  all  or  nearly  all 
tbe  pepsinogen  present  in  an  aqueous  extract  of  a  cat's  gastric 
mucous  membrane,  may  be  converted  into  pupsiu  iu  60  seconds  by 
O'l  per  cent  of  HCI.  In  tho  absence  of  aciu,  pepainogeu  is  fairly 
stable',  iu  neutral  and  in  alkaline  solutiuns  its  convemion  is  slow, 
and  in  a  glycerin  extract  it  may  remain  unchanged  for  years.  Pep- 
nnogen  is  not  affected  by  a  stream  of  oxygen  pckssed  throtlgh  it 

^nce  the  aiiueoiu)  extract  of  the  gastric  mucous  membiiuie  of  a 
hungry  animal  does  not  loee  peptic  power,  or  loses  veiy  little,  ou  brief 
treatment  with  sodium  caroonato,  it  follows  that  pepsinogen,  but 
Utile  or  no  pepnin.  is  pruseut  in  the  gastric  glands  during  abstiucuco. 

In  conscQLicnce  of  the  rapidity  uf  conversion  of  pepsiiiogL^u  into 
nepsiu,  it  is  uiHicutt  tu  be  certain  whether  pepsin  is  or  is  nut  present 
in  the  gastric  glands  during  digestion  and  after  the  injocliun  of 
poptono  into  the  blood.  In  both  cascii,  acid  goHtric  juice  is  present 
in  tbe  stomach  and  it  is  probable,  since  tlie  glands  are  ttecreting  at 
the  moment  of  death,  th^t  a  little  acid  remains  in  the  lunilna  of  the 
glands  and.  before  it  can  be  neutralised,  soaks  into  the  gUnd-cclls 
and  cbaogea  some  pepsinogen  to  pepsin.  In,  fact,  pepsin  is  aooiotimes 
preaent  in  an  extract  prepared  from  the  gastric  glands  of  a  digesung 
animal,  but  it  is  not  always  so. 

Carbonic  acid  when  passed  through  an  aqueous  extract  of  a  fVog'g 
cwopbugeal  glands  for  about  on  hour  destroys  nearly  the  whole  of 
the  pepsinogen.  Certain  suits  increase  the  rate  of  destruction,  whilst 
peptone  greatly  dcltiys  the  action,  and  albumin  and  globulin  likewise 
do  so,  though  to  a  much  lesH  extent.  Carbonic  acid  destroys  pepsin 
also,  but  IcHS  readily  than  pepHiuogen. 

Both  pcpisinogen  and  pepsin  are  rapidly  destroyed  when  heated 
to  55"  C— 57^0. 
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Tht  Bajieriment*  of  Klemmsiewict  and  Heidenhain  on  the  PyUmc 

Secretion. 

Prompte<i  by  the  very  wonderful  experimental  procedare  by 
which  Thin?  had  thrown  light  upon  the  intcrtinal  secretion,  Klemen- 
siewicz  conceived  the  idea  of  exposing  the  stomach  of  a  living  animal 
and  making  two  pamllcl  iacisions  right  through  the  pyloric  part  cf 
the  orgmi  ao  as  to  obtain  a  cylinder  lined  intcnially  by  pyloric 
mucoug  membrane  and  retaining  its  cssentiai  vascular  and  nervous 
connexions.  The  cyUudcr  had  one  uf  its  ends  closed  up  by  sutuna 
and  tbuB  a  tube  was  made  which  was  cwiatad  round ;  the  edges  of 
the  open  mouth  of  the  tube  were  then  stitched  to  the  dlgeis  of  the 
incision  which  had  been  ma<le  in  the  abdominal  wall.  Thus  wiui 
obt^ed  a  tube  whose  walls  were  constitnted  by  pyloric  tnuoous 
membrane  and  which  opened  on  the  external  surface  of  the  body.  The 
two  portions  of  the  stomach  from  which  the  above- nient ion ea  inter- 
mediate portion  had  been  removed  were  now  brought  into  contact  and 
united  by  sutures,  ho  as  to  re-establish  ibc  continuity  of  the  organ*. 
All  tlie  dogs  experimented  upon  by  Klemensiewicz  ultimately  suc- 
cumbed to  the  fonuidahlc  operation  just  described,  yet  the  oxperi- 
mentt?r  was  ahle  to  ascertain  that  the  pyluric  tube,  which  he  bad 
eatablished,  secreted  au  alkaline,  viscous,  liquid  (suocus  pyloricus) 
which  by  itself  did  not  digest  proteidn,  hut  whicli  did  so  after  scidula- 
tioo  with  hydrochloric  acid. 

Interesting,  and  especially  suggestive,  as  were  the  experiments  of 
Ricmcasicwicz,  they  coutd  not  be  held  absolutely  to  disprove  the 
imbibitiori'theory  of  the  pyloric  pepsin,  for.  as  the  animals  survived 
but  for  a  short  time,  the  pyloric  juice  might  be  supposed  to  contain 
some  pepsin  which  had  been  eraborat4jir,  before  tfiu  operation,  in 
the  peptic  glands  of  the  fundus,  and  subBe<iuently  imbibed  by  the 
pylorus. 

Hcidenhain*,  however,  repeated  Klemensiewicz's  procedare.  The 
adoption  of  Lister's  antiseptic  method  of  wound  treatment  enabled 
this  skilled  experimenter  to  succeed,  in  three  operations  out  of  six,  in 
establishing  a  permanent  independent  pyloric  tube  which  enabled  the 
Mcrotion  to  be  observed,  in  one  casn,  for  n  period  of  five  months. 

From  these  obeervationa  it  reaults  that  after  food  has  entc-red  the 
stomach,  there  is  slowly  set  up  a  secretion  of  pyloric  juice,  which  is 
at  its  height  about  the  Hfth  hour.  The  sccrcliou,  which  is  scanty, 
always  has  au  alkaline  reaction,  is  viscid  and  is  rich  in  pepsin  and  id 


>  Klenumakwlos  (Unu), '  Ueber  den  Snwiu  Prlorieoa.'  UltttHia^Kr.  i.  t,  Acad,  d. 
Win.  Wiaii,  Vdl.  Lxxi.  ISTS.    Matcb  18. 

*  Hcidanhnm.  '  Ueb«t  die  Pepcinbildnni!  in  dea  PrloniidiflMO.'  PflUsDr**  Afrlav, 
Vol.  ivtn.  (1874),  ».  169-  A  clc-icripliun  of  llie  metliDd  of  oarrjiiig  onl  laa  opentkn 
illustrated  vitb  k  diAtcr*m  ilicvrins  thv  ditvctioD  of  the  Tsrioua  iiKJMo«u«f  IIm  ■*"""^' 
u  jdna  by  Hsidtnliftiii  in  hU  articl«  enlitUil  'I'h>-«i«losle  dut  AbMtid«rnagtvDr(iaci^ 
S  AkIiI)  :  D«r  iitgan,'  in  U«rmuin'i  Ucndbueh,  V«l.  v.  It.  i.  p.  110. 
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reonet'-ferment.    When  acidulated  with  HCI  it  digesta  fibrin  abun- 
dantly.    It  contaiDB  DO  diastatic  ferment. 

Toese  experiments  have  conclusively  proved  that  the  glaods  of 
the  pyloric  region  of  the  xtomnch  take  some  part  in  the  formntion  of 
pepttui,  though  of  the  tot*l  aiiiouut  Hccr«tcd  by  fundus  aud  pyloruB, 
the  latter  is  uuimporcaut  compared  with  the  former. 


The  Gionds  op  the  Fitidur    The  Celi^s  wmnn  produce  Pepsin 

AND  THE  CbLUS  WHICH  PHOtlUCE  AciD. 


By  a  procedure  similar  to  that  which  he  employed  in  es^tnblighing 
in  a  livine  animal  a  tube  composed  of  the  pyloric  portion  of  the 
atoinacb,  Ueideubain  fiuccuuded  in  separating  from  its  continuity  with 
the  reat  of  the  Htomach  a  part  of  tlx;  fundus  and  stitching  it  into  the 
form  of  a  tube,  of  which  he  connected  the  opouiug  with  the  external 
ibdominal  wall  Id  one  case  an  animal  which  had  been  subjected 
to  this  operatioD  lived  for  33  days  and  allowed  Heideuhain  to  collect 
the  pure  secretion  of  the  fundus. 

A.  few  minutes  after  introduction  of  food  into  the  stomach, 
aecrcliou  commenced  iu  the  aac  aud  continued  throughout  the  whole 
period  of  digettiou.  Tho  fluid  secreted  wa:^  watery,  of  acid  reaction, 
and  contained  pepsin ;  it  hod,  in  short,  alt  the  characters  of  gastric 
juice. 


9      ro    I       it 


Wta.  9.      Ccan    KcmnirtMn   mi:    iifoovr   og    I'KtnM    tit   a   otntx    utamtT  ow  taa 
ooMTioii  or  TtiK  FrxDCM,  vosixn  ii^ccuiuvk  RQCn  or  thr  DtassTivi  rmaoMaa 

(BKtIrKinUZK). 

Whilst  the  pyloric  gUnda  thus  secrete  an  alkaline  liquid  con* 

^taioing  pepsin,  the  glunda  of  the  fundus  se^^ret^  both  pepsin  and  acid 

The  que«itJon  tlicn  suggesta  itielf.  Whore  ia  the  scat  of  the  formation  of 

pepsin,  and  where  that  of  the  fonuattuu  of  acid  i    It  has  already  beea 
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said  that  &  considerable  histological  reseiablaDCc  oxistg  between  th« 
pyloric  epithelial  cclb  and  cIil*  ccutral  cells  of  the  fundus,  the  uue 
lona  jpaseiog  by  ii&usitious  into  the  other;  and  a  large  number  of 
beta  indicate  that  the  resemblaooo  in  structure  is  accompanied  hy  an 
essentia)  identity  in  the  processes  which  hare  their  seat  in  them. 


HisToLoaicAL  Characters   or   the   Gastric   Qlanim   durino 

FASTIh-Q    AN'D    D10E.STI0X,    ASO    RELATIOK    OF   THESE   TO    THE 

Amodnt  of  Pepsin  present. 

Our  knowledge  of  the  changes  which  the  secretory  epithelium 
cells  of  the  gasmc  glands  undergo  during  digestion,  or  rather  tbe 
appearances  which  they  preseut  during  abstinence  from  food  and  at 
various  stages  of  the  digestive  process,  is  derived  from  the  reaearche* 
<rf  Qriltzuer  and  Hcidcnb^iJu  who  havi.'  studied  the  glands  uftL-r  ibt-j 
have  been  hardened  in  alcohol,  and  from  those  of  Langlcy  and  Sew^ 
who  bare  traced  the  changes  in  the  living  glands. 

Taking  the  case  of  tbe  glands  banlened  in  alcohol  first,  it  a 
found  that  the  central  cells  of  the  cardific  glands  and  tbe  deeper 
cells  uf  the  pyloric  glands,  after  long  abBtinence  from  food  are  some- 
what Hwolten,  pale,  nnety  granular,  and  do  not  stain  readily.  During 
the  early  stages  of  digestion  the  cells  appear  somewhat  larger,  m(H« 
gisDular  and  more  easily  stained ;  whilec  at  the  close  of  the  digeKUve 
process  tbe  cells  are  much  diminished  iu  size,  as  it  were  shrunken, 
and  ore  stained  much  more  deeply  than  during  the  early  stagea 

From  Laugley  and  Sewall's  observations  of  the  fresh  and  living 
glands,  unacted  upon  by  reogenta,  we  know  that  aAer  long  abstinence 
the  cells  are  Htudded  with  granules,  which  diminish  dunng  the  act 
of  secretion,  and  collect  near  the  lumen,  the  outer  zone  of  the  cell 
appearing  clear.  The  granules  are  most  abundant  in  tho«c  regions 
01  the  stomach  in  which  the  amount  of  pepsin  is  found  to  be  laigeet. 
From  these  facts  it  is  concluded  that  "  the  conspicuous  grantUes  in 
the  chief  cells  are  directly  coimcctcd  with  the  formation  of  ferment*.* 
According  to  lUis  view,  wliicli  has  abio  been  adopted  by  Nusabautn, 
the  changes  in  the  gastric  glands  closely  resemble  the  changes  which 
occur  iu  the  pancreas. 

Qrbtzner.  and  after  him  Langley  and  Sen-all,  have 
endeavoured  to  ascertain  the  relative  amounts  of  pepsin 
present  in  tbe  stomach  at  varj'ing  times,  and  the  former 
observer  has  expressed  his  result*  in  the  form  of  the 
curves  which  are  appended  (p.  108),and  which  exhibit  the 
variations  in  the  amount  of  pepsin  present  in  the  mu- 
brmaa  ot  tiii  oous  membrane  of  the  fundus  aod  of  the  pylorus  dunng 
ruidu  »aA  abstinence  and  tii  successive  hours  follonmg  digestion. 
pylorus.  f}^^   equal    numbered    intervals    in   tbe  awciaaa-line 

)  J.  X.  IiMiglpf  sod  B.  8«vsU,  ■  On  Ihe  ChsngM  in  P«i«ia-(enuiag  OUndi  ctahog 
SeereltOD.'    JmtniAl  o/PkjftUio^,  VoL  U.  pp.  8t  «t  wq. 


Qrfltmar'B 
curves  r«pr»- 
scnlUc       Ui0 

tba  uDount  ar 
pepMn  In  Um 
muooua   mem- 
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TeprcsoDt  hours ;  the  relative  araonnta  of  pepsin  are  represented  by  the 
oruinateaL  These  curves  exhibit  in  a  starthng  manner  the  remarlcable 
want  of  coiocideDce  iii  the  richness  Ja  pepsin  of  the  raucous  mem- 
brane of  the  fuudiis  aod  pylonis.  In  the  experiiuents  which  fur- 
nished the  data  for  these  curves,  the  mucous  membrane  of  the  pylorus, 
and  of  the  fundus,  respectively,  were  extracted  first  with  glyceriu 
and  afterwards  with  hydrochlonc  acid.  The  curves  indicato  that  the 
relationship  bi-twecu  the  amount  of  pepsin  In  the  pyloric  mucous 
membnuic  and  that  uf  the  fundus  is  a  very  varying  one. 


TaE  Seat  of  the  Fobmatiok  of  the  Acid  of  the 
Oastbic  Juice. 

Thoso  facts  have  already  been  adduced  which  are  considerod  to 
prove  that  the  pepsin  of  the  gastric  juice  is  formed  iu  or  by  the  ceutral 
cells  of  the  glands  of  the  fundus  of  the  stomach  aud  by  the  pyloric 
glands,  and  that  the  border  cuUfi  of  the  former  glands  form  the 
acid.  Some  of  the  most  important  evidence  which  appears  to  shew 
that  these  border  cells  are  the  active  acid-forming  structures  has 
already  been  referred  to,  particularly  chat  from  that  part  of  the  stomach 
of  which  the  glands  are  free  from  oorder  cells  (pyloric  region]  cau  be 
obtaJQcd  a  juice  rich  in  mucus  and  containing  pep&in,  but  alkaline. 

Evidence  in  the  sanio  direction  is  ufE'urded  by  a  study  of  the 
UHnphagiin  and  wtomach  of  the  frog.  Iu  thin  animal  the  pnudpal 
seat  of  the  proihiction  of  pepsin  is  in  the  lEnophagug,  where  glands 
are  found  of  which  the  Kecrtiting  cells  are  Koniewhat  like  the  chief 
celb  of  the  gastric  glandn;  but  the  total  amount  of  pepsin  in  the 
stomach  is  not  much  less  than  in  the  u'jiophagiis.  These  glands  secrete 
an  alkaline  fluid.  On  the  other  band,  the  glands  of  the  stomach 
consist — apart  from  mucous  cells — of  cells  somewhat  tike  border  cells, 
ami  here  an  acid  juice  is  formed*. 

The  view  wna  formerly  held  that  the  border  cells  were  not  add-produdng 
bat  iKtpBin-forniiug  ccllit,  aud  it  foruterly  received  the  euppurt  oE  NumWuiu' 
and  of  Kdinger',  Wt  on  j^roiiuds  which  warranted  no  such  concIiiHion. 
NoBsbatini  in  1881  howuv-er  adopUHl  tliu  optniou  that  the  chief  cells  are 
tbe  principal  sources  of  pepsin.    The  first  of  these  wnten  observed  thiil 


'  H.  V.  Swieoioki. '  Un'tenaahnngcn  tibor  dio  BildunR  und  AnweheidDD^  du  PcfMiiiu 
b«i  iten  BkUneblsnt.'  Pfiaffor'i  ArchU:  Vol.  tin.  (I)47<:),  p.  44-1.  L&DKley  ^nd  Sv'bU, 
•On  Xbe  ChaD<M  In  tteida -funning  GUoda  dutiug  Secretion.'  Jouncal  of  Pk^tiula^, 
Vol  n.  (1810— aO),  p.  iSl.     LftUKt>^7.  I'hit.  Tram.  1»«1. 

*  Naaabamn,  'Dia  Fcrauutbilduug  in  den  Drtiiwu.*  HKbDiWtiouBMilmlt.  Bouni 
1976  (not  •eon). 

■  Edinger,  '  Ztu  Kenntntna  der  UrUaeaEcUca  dee  Jdagena  beai>D<Iert  b«iiii  Ufrusebea. 
Arehir/.  mikrofeop.  Auat..  Vol.  i<ru.  p.  1V4— U13. 
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th«  border  colls  of  Ul«  stomncli  were  culouinJ  or  it  tUrk  colour  by  perOKinic 
MCid,  whilst  Ui«  chief  cells  were  uot,  and  explained  the  reaction  by  &up- 
IKMing  that  the  coloured  pnrticleB  coniust  of  reriii«at,  bectiuse  solutions  of 
enzymes  are  similarly  darlceiiM.  The  views  of  Nuwbauiu  on  this  mutter 
bo  Mt  down  AS  undeeorving  o£  serioua  diacussiou. 

Although  wc  may  then  hold  it  as  proved  that  the  formation  of 
add  iu  thti  gaairic  juice  is  a^ociated  with  thu  border  cells,  direct 
observations  would  appear  to  shew  that  in  tht-  deeper  part  of  the 
gantric  glands  the  reaction  i^  never  acid,  and  that  it  is  so  only  on  the 
surface  of  the  atomnch  and  near  the  mouths  of  the  glands. 


ClAoOa  Ser- 
oarda  eiD«rl- 
mtai  on  ibe 
rwacuan  of  me 
macoui  inaia- 
bmu   tf    Uis 


If  a  solution  of  lactate  of  iron  and  fcrrocyanide  of 
potassium  bo  mixed,  no  bluo  colour  is  produced  except 
when  a  free  acid  be  added.  As  theite  saltt  do  not 
exert  any  poisonoua  action,  it  occurred  to  Claude 
Bernard'  to  Inject  their  Holntion.<i  into  the  blood  and 
to  notice  what  stnictur<?9  in  tho  etomach,  if  any, 
wotild  assume  a  blue  colour.  It  wtis  found  that  the  surface  of  the 
stomach  was  stained  of  a  Prussian-blue  colour,  but  that  the  deeper 
portions  of  the  mucous  membrane  n'ero  uuatained. 

Similarly  it  has  bccD  found  that  whilst  tho  surface  of  the 
inucouH  membrane  has  au  acid  reaction,  on  makiDg  sections  {larallel 
to  the  surface,  so  as  to  cut  the  glaoiis  at  some  dtetance  from  their 
mouths,  the  exposed  surface  is  not  acid.  This  expeiiment  is  unworthy 
of  serious  diacussion,  seeing  that  lymph,  blood,  and  the  cells  them- 
selves would  all  tend  to  neutralise  the  extremely  small  amount  of 
acid  present  in  tho  glandular  lumina. 

Obacrvatious  have  likewise  been  made  with  a  view  to  determine 
whether  tho  border  cells  have  au  acid  reaction,  but  with  entirely 
negative  resultii*. 

Are  we  from  these  obBervutions  to  conclude  that  whiUt  the 
border  cells  of  the  glands  of  the  fundus  are  e«Hential  to  the  production 
of  the  free  acid  of  the  gastric  juice,  they  are  not  the  actual  seats  of 
ita  formation,  and  that  it  is  only  on  the  free  surface  of  the  mucous 
membmac  of  the  stomach  that  acid  is  liberated  1  Even  Claude 
Bernard  hesitated  to  draw  this  iuference  from  his  experiment.  It  is 
not  only  conceivable,  but  probable,  that,  so  soon  as  formed,  the  acid 
Mcretion  of  tho  gastric  glands  is  poured  into  the  HUmiacb,  so 
that  nu  appreciable  quantity  uf  acid  is  retained  in  the  ghuid,  able 
to  give  an  obvioun  colour  reaction  in  the  deeper  part  of  the  raucous 
membrane.  Thi<(  explanation  does  not  account  for  the  undoubted 
failure  to  prove  that  the  border  cells  hare  an  acid  reaction  ;  but  the 


*  ClAodi:  Beroanl.  Lr^oiu  tur  Irtrnvj^riiUt  phntialoftqttu  et  to  aUtratUnu  jMfAofo- 
giqiut  Jei  iiquidet  tie  Vorgaiutne.    Vniia,  16M,  YoU  R.  p.  07B, 

*  U|iiu«,  '  IWolicroiiM  espfrlinmUliiH  aur  !•  qumlion  <!•  Hvoir  ai  oerUiaM  mUuIm 
im  gUndm  (ilito*  i  pup«ui«)  An  rtctomuQ  prtMulvnl  iui«  riMtkw  Hld».'  OomIU 
mMe.  *i  PawU,  IHT3,  p.  im.  HeideahAia,  uw  'Di«  fitl(lni(  Aw  Biom  <Im  Usgan- 
Mflci.'    UonuDii'i  Handbaeh,  Vol.  v.  Part  I.  p.  160  (HnnII  type). 
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absence  of  on  acid  reaction  does  not  militate  sgainst  the  tbeory  Uiat 
tbey  &re  in  reality  the  acid-forming  cells  of  the  stomach.  As  bu 
been  justly  remarked',  a  aecretiug  cell  does  not  necessarily  contain 
the  prmlucts  which  arc  characteriGtic  of  its  activity,  and  which  it 
contribute!!  to  the  secretion,  and  which  appear  in  some  cases  to  be 
at  oQce  removed  from  thoir  ptuce  of  origin :  thus  the  hepatic  cells 
contain  no  bile-colouriug  matter,  and  uu  bile  ocida;  thoueu  unques- 
tionably these  bodice  are  formed  6rst  in  those  secreting  cells. 

To  summanze.  All  the  evidence  which  we  possess  pointA  to  the 
border  cells  which  are  fonnd  in  certain  of  the  gastric  ylandB,  aa  the 
seats  of  the  formation  of  the  free  acid  of  the  gastric  juice ;  and  the 
value  of  this  evidence  is  not  diminished  by  tne  fact  that  the  cells 
which  are  supposed  to  possess  this  power  possess  no  acid  reaction, 
ioasmuch  as  other  undoubted  cases  arc  known  in  which  the  pro- 
ducts of  secretion  cannot  be  discovered  in  the  gland  cells  which  form 
them. 


Theories  as  to  tfie  Mode  of  Production  of  the  Acid  of 
THE  Gastric  Juick. 

Various  attempts  have  been  made  to  eiplwn  the  nature  of  the 
chemical  operations  which  may  lead  to  the  separation  of  hydrochloric 
aci<l  by  the  gastric  glands. 

That  the  acid  is  derived  from  the  dccoin position  of  chlorides  may 
be  assumed,  and  the  a-ssiiniption  is  confirmed  by  the  observation  of 
Oriitzuer,  that  coiacidoutly  with  the  ^atcst  richness  in  pepaiii  of  the 
gastric  mucous  membrane  it  is  likewise  richest  In  chlorides*. 

It  was  further  observed  in  the  first  instance  by  Bence  Jonee, 
and  afterwards  confirmed  by  Roberts  and  by  Maly,  that  during  active 
digestion  when  the  gastric  juico  is  being  abundantly  poured  out 
there  is  a  diminution  m  the  acidity  of  the  urine,  which  may  become 
neutral  or  alkaline. 

BnieiM'i  Briickc*  Hurmised  that  under  the  influoDce  of  their 

iiypoUiecit.  aecrctory  nerves  the  gastric  glands  possessed  the 
power  ofdecompoaing  chlorides  electrolytically(f),  and  of  directing  the 
nydrochtoric  acid  to  the  stomach,  whilst  the  bases,  oecumulfttiug  in 
the  blood,  were  excreted  by  other  channels. 

B*ifB«    ex-  Dr  Ralfe*  gave  some  support  to  the  electrolytic 

ptinataiM.  hypothesis  by  shewing  that  when  a  weak  current  of 


*  Heiilftnluin,  Op.  eit..  p.  150. 

*  Oriltsripr,  Nau  Untenuchangrn  liber  dit  Bildann  ititd  Auitehetdanf  itt  Frjmn. 
BnsUn.  1474,  p,  S2. 

*  Drilcke,  SiUungtbtr.  d.  WUn<r  Akad.,  Vol.  iixvu,  (1S£9),  p.  181,  aW  Forbivivn) 
Bl>tr  rkutiolofie,  Wwn,  1875,  p.  398. 

*  Knife,  Lanttt,  1874,  2,  2!l. 
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electricity  ia  passed  through  a  U-tube,  in  one  lirab  of  which  is  a 
iwlutioo  of  sooium  biearbonato,  and  in  the  other  a  solutioo  of  sodium 
chloride,  a  mcmbrauoua  diaphragm  separating  the  two  soliitionii, 
tho  liquid  at  the  positive  pole  acquires  an  acid  reaction,  owinjt  to  the 
presence  of  free  hydrochloric  acid,  whilst  that  at  the  negative  be- 
eoniet  more  alkaline.  The  reaction  which  takes  place  occurs  accord- 
ing to  the  following  equation. 

N«  HCO, + NaQ  =  Na,CO,  +  UCl. 

To  both  Brlicke'e  and  Ralfe'e  views  it  must  be  objected  that 
they  are  pnrelj  Hpeciilative,  and  tJiat  titcy  pustulate  the  agency  of 
forces,  to  bring  about  tho  decomposition,  which  cannot  be  proved  to 
be  in  operation. 

■Ul'i   Bnt  Mfl-ly  ascertained  that  when  an  alkaline  chloride  Is 

(■'•••I**'**'*"'  mixed  with  lactic  acid  and  the  mixture  ia  subjected  to 
dialjrsis,  free  hydrochloric  acid  diffu^tes,  the  four  bodies  indicated  in 
the  eubjoinod  equation  resulting  from  the  interaction  of  eodium 
chloride  and  lactic  acid. 

2NaCl  +  2C.H,0,  =  Naa+NaC»H.O,  +  C,H.O,  +    HCI 


BodiLiin 
cUoildo 


Laciio 
ooid 


Sodlam 
ohlorida 


Sodium 
IsvUM 


Lactio 

Kid 


Hydroohlorio 


Assuming  that  lactic  acid  were  first  of  all  produced  in  the 
gastric  mucous  membrane,  the  subsequent  liberation  of  hydrochloric 
acid  would  thus  be  easily  (.'xplaiuGd.  Maly  found,  however,  no  evi- 
dence of  such  a  formation  of  tactic  acid,  and  therefore  concluded  that 
the  free  hydrocliloric  acid  of  the  gastric  juice  vras  due  lo  a  dis- 
oodatioD  of  the  chlorides,  without  the  interaction  of  any  acid'. 


and  toon  r«- 
Mat  tbemr. 


HBiriMMsd  The  blood,  Maly  remarked,  is  a  liquid  possessed  of 

laTMUn-Uon  j^j^  alkaline  reliction,  which,  however  it  derives  from 
tho  presence  of  two  a^rid  salts,  sodium  bicarbonate 
(NaHC'O^  and  disodic  phosphate  (Na,HPO.).  But 
the  blood  contains  an  excess  of  carbonic  acid.  WKun  this  body 
acta  upon  alkaline  disodium  hydrogen  phosphate  Na.HPO,,  it  gives 
rise  to  NaHjPO,  and  NaHCO,,  as  shewn  in  the  mllowing  equa- 
tion: — 

>XHPO.+  CO,  -I-  H,0  =  NaHCO, -I-  NaH.PO.. 

Add  sodium  phosphate  is  a  body  poHse-tsed  of  a  decidedly  acid 
reaction,  which  however  is  concealed  when  its  solution  is  mixed 
with  an  excess  of  the  alkaline  phosphate.     Now  when  acid  sodium 


'  Mslj,  ■  Oai«rauobuDg«D  fltwi  dio  QaeQc  der  MatgcnssllsIiD*.'    Aiui^itn  d.  Chtmir 
«.  Fharm..  TdJ.  cuuu.  (lS7i),  p.  327. 
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phosphate  coexiets  in  solution  with  sodium  chloride,  free  hydro- 
chloric  acid  is  set  free,  as  shewn  in  the  following  equation : — 

NaH,PO.  +  Naa  =  Na,HPO,  +  HCL 

As  a  fact,  all  four  bodies  will  exist  eide  by  side  during  the  reitctiou. 

But  not  only  ts  HCI  formed  by  the  interaction  of  dibydrojE^iL 
sodium  phogphnto  on  chlorides,  but  likewig«  by  the  action  of  caJcium 
chloride  on  hydrogoa  disudium  phosphate,  as  ahewn  in  tbo  following 
«quation  : 

SCaCl,  +  2Na,HP0.  =  Ca.(PO,X  +  tNaCl  +  2HCI 

Maly  thus  believes  that  by  the  intcmctioa  of  carbonic  bcUU 
disodic  phosphate,  motiosodic  phospbale,  und  sodic  and  lactic  chlo- 
rides, hydrochloric  acid  is  set  free  in  the  blood.  But  thiA  acid 
Eoasesscs  a  higher  diffiinive  powur  tlian  any  other  acid,  and  we 
ave  only  to  BiinDise  that  the  glands  of  the  ^omach  are  diffunoo 
apparatuses  of  remarkable  power  ia  order  to  account  for  the  sepaxa- 
tion  of  hydrochloric  acid  by  them. 

objeotioHBto  It  is  impoissible  not  to  appreciate  the  great  Talue 

MaXy's  injury,     ^^f   ^1,^    f^^^g    ^py,,    „i,ioij  yi^y  ^eifts  his  theory,  and 

not  to  acknowledge  that  he  has  thrown  great  light  upon  the 
part  which  diffusion  may  piny  in  separating,  from  the  alkaline 
mood,  acids  or  acid  ealta  which  are  present  in  it,  although  their 
reaction  may  bo  concealed  by  that  of  such  salts  as  alkaline  sodium 
phosphate.  If,  however,  the  rouctton  which  results  in  the  production 
of  hydrochloric  acid  is  one  which  goes  on  throughout  the  whole  tnaas 
of  the  blood,  and  its  separation  ocauns  through  a  mere  proceaa  of 
division,  we  cannot  bat  ask  ourselves  how  it  is  that  the  actd  only 
diffusuH  into  the  gastric  juice,  and  not  into  the  secretions  of  other 
glands  which,  na  apparatuses  of  diffusion,  offer  obvioudy  as  favouraU* 
conditions  as  the  stomach. 

Why  fur  iustance  does  hydrochloric  acid  not  pass  into  the  urine? 
and  unquestionably  no  trace  whatever  of  any  free  miDcra]  acid 
occurs  in  that  secretiou.  Maly  would  meet  the  difficulty  by  at- 
tribtiting  particular  powers  to  the  different  glands  as  dialj-zing  appara- 
tuses, hut  then  we  lose  all  the  vuluc  of  the  physical  expuuiations 
which  appeared  at  hrst  to  be  so  likely  to  explain  the  phenomeoa. 

Against  the  views  of  Maly  there  appear  to  be  twi»  capital  objec- 
tions. The  first  has  reference  to  the  chemical  process  which  he 
supposes  to  occur  in  the  hlood,  and  to  result  in  the  liberation  of 
free  hydrochloric  acid,  and  the  second  to  the  view  thst  the  glands  of 
the  Htomoch  arc  from  one  point  of  view  but  apparatuses  of  difi\»ioD 
which  allow  the  hydrochloric  acid  of  the  blood  to  CBcnpo  from  it  into 
the  gastric  juice. 

Firstly — We  can  readily  admit  that  there  may  ooexist  in  the 
blood,  acid  and  alkaline  sodium  phosphates  and  common  salt,  and 
that  by  the  reaction  of  the  latter  on  the  former  traces  of  hydrochloric 
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roav  be  fonned,  but  it  its  iinposffiblc  to  aflinit  tlmt  the  latter 
acid  would  continue  to  exist  ride  by  side  of  sodium  bicarbonate,  with 
regurd  to  the  existence  of  n-hicn  in  the  bluud  theru  ctmnut  he  a 
doubt 

Sc*^ndly — Ifthestomnch  acted  asan  appBratusof  diffiiaion,  aepa- 
ratiog,  for  ioBtaiice,  hydrochloric  acid  alreuuy  formed  iu  the  blood,  we 
^ould  expect  its  secretion  to  bo  like  thst  of  the  kidney  (which  is 
ccrtualy  the  organ  in  which  phy^icnl  proccsaca  have  most  uncon- 
trolled sway),  a  constant  one,  and  to  oe  uiflueDced  in  u  spt-cial 
manoer  by  the  condilioD  of  the  blood  and  the  general  cuuditiun  of 
the  vascular  aystera.  The  stomacli,  however,  is  a  gland  in  which 
aecKtion  only  occurs  as  &  result  of  the  application  of  peculiar  stimuli 
wbosu  action  uncjuustiunably  lead<i  to  the  most  remarkable  chanj^ 
in  the  secreting  cells  of  the  organ. 

For  these  reasons  we  are  forced  to  modify  Maly's  hypothesis  so  as 
to  moke  it  reooDcileable  with  known  facts. 

TlM*nUi«'«  We  may  conceive  the  acid-forming  cells  (fiordtr- 

aodUMtUia  of  cells)  of  the  stomach  to  have,  as  cells  of  other  secreting 
n^  hTpo-  glands,  pcciiUar  selective  powers  in  reference  to  certain 
saline  conetituciit^f  of  the  blood ;  we  may  conceive,  for 
instance,  of  their  poMessinc  ii  peculiar  seloctivo  affinity  for  the  phos- 
phates of  sodium,  buth  ulkuliue  and  acid,  and  for  chlorides.  Thitt 
being  granted,  we  have  also  to  surmise  that  witliin  the  cell  there 
occur  tile  reactions  which  certainly  do  occur  in  vitro  when  the  above 
lalta  coexist  in  solution;  nno  of  the  products  of  the  reaction  will  then 
be  hydrochloric  acid,  which,  in  virtue  of  its  high  power  of  diffusion, 
will  paxs.  ajt  wion  as  formed,  into  the  secretion  of  the  gland. 

In  thi&  hypothesis  we  remove  the  seat  of  the  formation  of  hy- 
drochloric acid  from  the  blood  generally  to  the  gastric  gland.-*,  and, 
whilst  we  adopt  Maly's  conception  as  to  how  physical  and  chemic&l 
processes  may  lead  to  the  formation  of  the  acid  of  the  gastric  juice, 
we  Kulv.rdinnte  them  to  the  activity  of  the  glandular  epithelium, 
which  mit^t  hr»t  bring  togetht^r  the  budieis  which  have  to  react  one 
upon  the  other, 

Apart  from  the  probabiHty  which  attaches  to  the  above  hypo* 
thesis  on  thoorotical  grounds,  it  is  to  be  noted  that  the  only  rcUaole 
analyses  of  the  mineral  confitttuenta  of  the  gastric  juice,  viz.  tlio^u  of 
Carl  Schmidt,  have  proved  that  the  gastric  juice  contains,  in  the 
m&iD,  In  addition  tn  its  organic  matters  and  its  hydrochloric  acid  do 
incooBiderable  i^imntity  of  mineral  saltK,  which  consist  firstly  of 
chlorides  of  sodium,  potawiimi  and  calcium,  and  .secondly  of  calciuia 
and  magnesium  phoxphate.  These  are  Halts  which  we  should  expect 
to  be  present  if  the  reac^on  whereby  hydrochloric  add  is  generated 
were  such  as  the  following : — 

2Na,HP0.  +  SCaCl,  =  Ca,  (P0.>,  +  i^&Vl  +  2HC1. 

The  following  are  the  reeults  of  Carl  Schmidt's  analyses  of  gastric 
o.  8 
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juioc,  wliicli  are  quoted  in  this  place  because  of  tlio  bcoriug  of  tho 
results  or  the  analyses  of  the  salts  found,  upon  the  viewg  of  tue  luode 
of  production  of  the  acid  of  gasti-ic  juice: 
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Variaiio}i8  in  the  Proportion  of  Pepsin  and  Add  tn  Ute 

Juice. 


P^BDi 


Gastrin 

The  proportion  of  pvpsJu  ia  tbo  gastric  jmce  under- 
govs  considerable  variation  diirioe'  tbe  progreu  of 
digcstioD,  undergoing  firet  of  alt  a  diminutiou  ana  then  an  mcmae. 
This  variation  is  oMcrved  at»o  in  tbti  cane-  of  the  secretion  of  the 
ieolatc-d  fuudus,  as  hoji  been  shewn  by  Ucidciihaiu,  8ce  Fig.  8,  p.  105. 

At  the  coramcQcenicnt  of  digcstioo  the  acidity  of 
the  gastric  juice  is  Ic^  than  subacqucntly,  but  this  is 
not  the  case  wb«n  the  secretion  of  the  isolated  fundus  is  examined. 
The  compam lively  low  acidity  in  the  rarly  i>eri"da  \a  probably  doe 
to  the  acid  r«actioQ  being  uuutralised  by  the  alkaline  saliva  and  by 
the  alkaline  secretion  of  the  pyloric  glands  (Heidenhain).  We  shall 
return  to  this  subject  again. 


Add. 


Sect.  10.    The  Actton  op  tiik  Gastric  JficE.  isd  ns 

COXSTITLKNTS,  ON  THE    PBOTfilDS. 

The  lUtmrcJies  and  Views  of  Meismer. 

The  ilrst  of  the  systematic  iuvcstigntions  ou  the  products  result- 
ing from  the  tiigOBlion  of  protcids  by  pepsin  and  hydrochloric  aciti, 
was  carried  out  by  Meissner  aud  hi»  pupil.t  between  the  years  1859 
and  1862,  and  as  subsequent  writors  have  oil  more  or  less  referred  to, 
or  employed  certain  of.  tlic  terms  which  he  applied  to  the  products 
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^•^hich  bo  obtained,  a  brief  r^inU  of  his  chief  coDclusiona  appeMS 
desirable'. 

f^g^~gfff-j„  Tliifl  term  was  applicJ  by  Mcissner  to  the  neiitral- 

Uatiou  pr«cipilatH  obtained  when  the  protlnnt  of  diges- 
tioD  of  a  proteid  by  oatural  or  artificial  gaatric  juice  iu  &o  nearly 
neutraliscti  that  only  a  faint  acid  redaction  persiflta.  Under  these 
cire^imstonoM  there  falls  a  white  floccaleat  precipitate,  composed  of 
the  body  tx>  which  Meissner  ascribed  the  name  of  parapeptone.  He 
described  it  as  a  body  insohible  in  pure  water,  but  easily  soluble  in 
the  weakest  imlutioDs  of  adds  aod  alkalies,  antl  precipitated  from  its 
solutiuDB  by  the  addition  of  sodium  or  potassium  chloride.  Pant- 
peptmie  ha«  been  usually  but  lucorrectly  spokeu  of  as  identical  with 
add  albumin  or  syntoom.  It  is  identical  with  the  body  to  which 
Kubne  has  o&sigu&d  the  name  of  antialbumat  (see  p.  121).  In  vhat 
respect,  it  will  be  asked,  does  parapeptone  or  antialbumat  differ 
from  syotouin  or  acid  albumin?  Apparuotty  in  thu  fiict  that  vrliiUt 
the  lattor  body  eau  ruadily  be  digested  by  pepsin  aud  an  acid,  para- 
peptone is  unacted  upon  by  them.  This  remarkable  pr(>{>ertr  of 
nndigwcibiUcy  w&ii  pointed  out  by  Meis«ner  hinuetf  a.s  distinguishing 
parapeptone  from  acid  aibunun.  A  further  distinguifthing  pmperty 
vaa  puiuted  out  by  Tifeissoer,  to  wit, — that  when  a  itohition  of  syntouin 
h  nearly  neutralised  aud  pure  alcohol  is  added,  thii«  throws  down  a 
precipitate.  Under  exactly  similar  circumstances  a  sniutiou  eontain- 
10^  parapeptouu  is  not  precipitated.  If  the  alcohul,  howcvur,  con- 
tains ether,  parapeptone  is  thrown  tluwu. 

ftMMimAaat  ^°  adding  a  little  more  acid  to  the  liquid  from 
which  'parapeptone'  has  been  precipitated,  Mejssner 
obtained  occaxiotudly  a  further,  though  Hcanlicr,  precipitate,  se|>arable 
by  filtntioD,  and  insoluble  in  very  dilute  acids  (01  per  cent.)  thougb 
soluble  in  Htrooger  acids.  Thi.-«  body  Meiasner  termed  '  mctapcptone,' 
sod  looked  upon  al«Q  as  an  end-product 

repiosM  In  the  filtrate  from  which  parapeptone  and  nieta* 

ft,pu)ii-Y.       peptone   had  been  separated,  Meissner  dL^tinguisbcd 

three  separate  suluble  bodies,  which  ho  classed  together  in  the  group 

of  peptones,  but  which  he  found  to  differ  somewhat  in  their  re* 

actioiu. 

P«ptwt  a,  prceipitable  by  concentrated  nitric  acid  as  well  as  by 
potassium  ferrocyaiude  aud  dilute  acetic  acid. 

Peptone  fi,  not  precipitated    by  nitric  acid,  but  by  potassium 
lerrucyacide  and  strong  acetic  acid. 

Peptone  y.  not  precipitated  by  nitric  odd,  nor  by  acetic  acid  and 
potassium  ferrocynnido, 

We  now  know  that  Meissner's  peptones  a  and  ff  were  bodies 


MdMDU,  Ztittthri/t/Sr  rut.  i/«l.  fid.  vii.  vm.  s.  «ad  ur. 
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which  we  term  Bibitnioaea,  whilst  poptono  y  corresponds  to  peptone 
properly  ao-callcd. 


OyipeptaQB. 


On  the  prolonged  digestioD  of  casein  or  of  Hbria, 
Meissiier  obtained  a  certain  flocculent  insoluble  residue, 
to  which  he  gave  the  ntinie  of  dynpeptone.  This  boily  wiui  inaoluble 
in  0  2  per  cviit.  HCl.,  hut  solubk-  in  stronger  acids.  It  consisted  of  u 
mixture  ct  a^itialfmmid  (sec  p.  121)  wiili  nucleius. 


Sriicke's  vmm  on  the  Diyeftion  of  Proteids. 

According  to  Brllcke,  when  n  typical  proteid— unboiloti  fibrin — is 
subjected  to  peptic  digestion,  thefuUowing  st^ps  iu  the  process  occur. 
The  fibrin  is  dissolved  and,  in  great  part,  converted  into  acid-albumiD 
or  parapeptone,  though  even  from  the  first  some  peptone  is  produced. 
At  this  stage  a  large  precipitate  is  obtained  on  iiontralisiug  the  liquid 
(Meissncr's  rarapeptonc).  If  digpjttion  he  vcr>-  long  continued,  how- 
ever (Homt-times  tiays  are  needed),  the  parapeptone  disappears,  «» 
that  DO  precipitate  is  obtained  on  neutTaliaing',  and  the  solution 
merely  contains  peptones. 

TIic  bodies  taken  for  parapeptones  by  Brtlcke  were,  doubtless,  in 
great  part  albunioses, 

J7(e  Sesearches  of  Scfmlsenberffer'. 

Hemijnvteiit  and  liemialbuviiiu 

In  the  year  188o  Schiitzenherger  published  the  results  of  a  aeries 
of  important  researches  on  the  products  of  decomposition  obtained 
when  albuminous  Btihatances  are  (a)  subjected  to  lonc-oonttDQed 
boiling  with  dilute  sulphuric  acid,  (6)  digested  in  closeu  Tesseb  at 
temprratui-eR  vnrj'ing  between  100°  C.  and  150*C.  with  solution  of 
barium  hydrate. 

Oodar     vbA  Hchutzeiiherger    plaeed    a    kilogramnie    of    moist 

[sButtiee      at  coagulated  albumin,  in  6-8  litres  of  water,  to  which 

bounw   duute  200  grams  of  H,SO,  has  been  added,  and  boiled  thii 

WW   moift^^  mixture  between  one-and-a-half  and  two  hottm.    On 

uaputupinto  allowing  the  mixture  to  cool,  there  separated  a  floo- 

two    moUUM,  culent,  homogeneous  precipitate,  rcsotoDliDg  silica,  or 

HemiproMin  frcaldy   precipitated    magnesia     The   latter.   coUecteii 

ud  Bemuibn-  g^  ^  ,^n^,j_  wiLshod,  and  dried,  prMontod  the  appearanoo 
of  yellowish  traiispiu-cnt  maJMes.  which  yielded  a  nearly 

1  It)  tbe  GllntUi  Uam  tli*  iiroeJpiUtn  thora  is.  benidu  peptone,  t  aolabltt  pcotwid 
which  in  r<)iti;utiil]]i>  on  builuiit, 

■  M.  r.  HohiiU.xtibr/^'r.  'BachenheB  but  I'lulbiuciiie  et  In  inaUarM  albuoiuMtdM.' 
HulUtin  de  la  StxifU  Chimlqui  dt  Parit,  Tomes  (33)  pp.  IGI.  IM.  «6.  Ml.  8M.  US, 
[U)  pp.  S  cl  Hi. 

ThcM  p^ptn  nni  abBtractocl  M  gmX  Icugtli  ami  with  inn«b  abaUtT  in  Hair'* 
Jakrttbff.eht,  Bd.  v.  (18J5),  pp.  «!«»— .113. 
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white,  not  hygroscopic  powder,  insoluble  in  water,  a](»hol  anci  ether. 
Tliis  substance  was  foiintl  by  Sclnitzenberger  to  amount  Approxi- 
mately to  une-half  the  weight  of  the  albiiniin  operated  upon.  To 
it  he  gave  the  name  Hemiprotein.  FTe  found  it  to  be  amorphous, 
soluble  in  alkalies,  from  its  solutiona  in  which  it  could  be  precipitAtod 
on  neutraliidDg  with  acide,  the  precipitate  being  dissolved  by  an  excess 
of  add. 

The  following  arc  tho  rcaults  of  elementary  analyses  of  Uemi- 
protein,  dried  at  110°  C. 

(1)        (2)        (3)        <4)        (5)        (6)        (7)        (8) 

C.     52-66     b^tiZ    63-33       

H.      701      7-25      7-31       

N.      1427     U-4«     15-08     14-26     14.-22 

Hemiprotein  contains  sulphur,  the  amount  of  which  has  not  been 
determiacd. 


aanipre 
tautn. 


SchUtzenberg'er  found  that  when  hemiprotein  was 
further  subjected  to  a  proceiM  of  lutig  boiling  with 
dilute  sulphuric  acid,  it  furnished  leucin  and  tyroBin,  and  as  a  chief 
product^  an  amorphous  substance  of  a  feebly  sweet  taste,  soluble  in 
watCT  and  alcohol,  to  which  he  gave  the  name  of  HeniijtroUidin,  to 
which  as  a  result  of  his  analyses,  he  assigned  the  empirical  formula 

C„H«N\0..+H,0. 

_i^,m„Hn.  Retuniiug  now  to  thu  original  operation  which 
yielded  the  insoluble  hemipruUiiu,  .Schiitzeubergor  found 
that  blie  acid  filtrate  from  the  latter  containi^d,  as  iia  principal  con- 
Btituent,  an  amorphouK  Bubstance,  of  feebly  acid  reaction,  and  con- 
taining approximately  C  50*/o.  H  T'/a.  W  li>'4Vi..  to  whicli  he  gave  the 
name  Hemialbumin,  and  the  formula  C^H^S',0,^,. 

In  addition  to  the  two  priiicipal  products  of  the  decomposition  of 
the  proteid  molecule  by  boding  aihite  Bulphuric  acid,  Schiitoenberger 
obtAined  evidence  of  the  pre«ence  of  many  other  interesting  by- 
products, as  for  instance,  a  substance  similar  tn.  if  not  identical  with, 
nxcine,  a  non-nitrogeoouB,  strongly  reducing,  body  apparently  tc- 
wmhling  glucose,  and  a  dibasic  acid,  reprcaeoted  by  the  empirical 
formula  C^H^N.O^ 


Kahnda  OhaenatioM  and  ThamtUoal  Fitfuu. 

Whilst  Schlitxenberger  was  devoting  hui  attention  to  the  id* 
vcatigalions  M>me  of  the  results  of  wliich  have  lieen  rcfL-rred  to, 
Kuhne  had  been  studying  the  profound  decompoaitiuD  wliioh  the 
pruteid  molecule  undeigoes  under  the  influence  of  tr^pxxn.  ua  he 
termed  the  powerful  ]>roteolytic  enzyme  of  the  pancreax  and  its 
fiearetiorL 
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WhiUt  pe|)siti  in  ncul  ooUitioa  and  under  suitable  coDdilions  of 

torn pentt tire,  i»  able  to  conv»i  a  proteid  into  peptonea,  no  furtbor 
dfcnmposition  of  these  peptonem  occurs  however  prolonged  thu  uction 
of  the  ftrtidciat  gastric  juice,  or  however  abundant  the  pepsio  at 
work.  Tr^p«n  in  alkaline  solutions,  on  the  other  hand,  wu  found 
by  Kiihne  to  decompose  proteids  in  8tich  a  manner  that  there  re- 
salted,  as  final  products  of  digestion, — a  quantity  of  pept«Qe  which 
roughly  amounted  to  half  the  weight  of  the  proteid  acted  uiiou, 
together  with  a  iul\turv  of  iimcli  k-sa  complex  bodies,  of  which  the 
b^  characterised  were  certain  aiDido-aeiug,  and  particularly  loucio 
(aonido-caproic  acid)  and  tyrodin  (oxy-phenyl-amido-proptonic  add). 

Further,  when  the  peptone  resulting  from  the  prolonged  action  of 
ati  urtiiicial  guabric  juice  was  subjected  to  the  action  of  ti^-psiu,  thi? 
enzyme  was  founil  t-aiJable  of  etfecting  thv  decomposition  of  a  luoiety, 
but  a  moiety  only,  uf  the  peptone,  and  this  yielded  the  same  pro- 
ductti  as  would  have  resulted  from  the  direct  action  of  trypsin  on  cbe 
original  proteid, 

TheKO  interesting  residts  led  Rllbne  to  a  Btirmise  similar  to  that 
to  which  Schiitzenberger  hnd  arrived,  and  served  as  startine  pottitfi 
of  several  investigations  which  resulted  in  the  conception,  wliich  we 
owe  t>>  Kiihiie,  of  the  gcuL-ral  lines  upon  which  the  decomposition  of 
a  proteid  proceeds  under  tliL*  lufluctice  of  bydrolytic  agents,  however 
diverse. 

To  the  peptone  which  resisted  the  action  of  trypsin,  and  whicli, 
owing  to  this  cbaracteristio,  he  had  no  dilliculty  in  separating  from 
the  other  products,  KUhne  immediately  assigned  the  name  of 
Antipeptone,  whilst  he  osaieocd  the  name  of  HemipepUme  to  a 
hypothetical  peptone  which  lie  believed  to  be  sssociatt^^  with  anti- 


peptone  in  the  mixed  products  of  the  action  of  pepsin  and  gastric 
juice,  and    wliich   yielded   leucin    aud    tyrosin  when  digest 


ited  with 
trypsin  although  "ho  had  not,  as  yet,  been  able  to  separate  it 
in  a  state  of  evvu  approximate  purity.  To  the  mixed  peptones 
resultin"  from  the  decomposition  cf  proteids  by  pepsin  and  acid, 
KiihuL-  uiis,  »iiie<-  then,  ais'^i^ed  the  name  amphoptpUmtt. 

The  oorrectntyiB  of  the  .'suniu.se  wxt,  however,  soon  proved,  and 
Kiilmt!  was  able  to  describe  the  methods  of  preparing  and  (wparating. 
in  approximate  purity,  the  hemipeptonc  of  which  he  had  predicted 
the  existence;  iiiriher  by  comparing  the  decompodtioo  oi  proteids 
under  varied  bydrolytic  conditions,  alouo  and  in  asMciatiou  with 
Chittenden,  he  was  iiUc  to  discover  several  iutereetiug  products,  uccu- 
pyiDg  an  iDtcrmcdiate  position  betweeu  the  native  proteids  and  the 
peptones.  These  reaearcliea  are  so  full  of  interest,  and  a  knowledge 
of  them  is  so  essential  to  the  investigator  in  all  departments  of 
Physiological  Chemistiy,  that  a  somewhat  detailed  exposition  of 
theia  is  necessary-'. 


'  Tlie  whole  •ccount  whicli  fnlluvni  concnniiis  slbuiDOM)  SDil  BWIOBes  Is  wa&tmA 
(row  ibc  voriouB  clKbDiBto  tnemoin  pablltlicd  on  Um  ■nbjocl  \y  KSfant  in  uMdftUoa 


cuAP.  a.] 


MXasia  viKwa 


H» 


B«rore  eiamining  the  particular  results  to  which  Kdhne  arrived 
wo  may  briefly  express  thoir  general  tendency  as  follows:  every 
pruleid  when  subjected  to  liyilrolytit  decomposition,  or  to  conditions 
which  pnrsomwily  bring  nbout  decomposition  by  causing  the  body 
in  question  to  combine  with  the  oleiuents  of  wat4Jr  (such  an  hoiling 
with  dilute  sulphuric  arid:  prolonged  heating  of  dilute  hydrochloric 
acid  (O'io  per  ccnL)  at  40"  C:  uigeetioii  with  pepsin  and  hydro- 
chloric acid:  digestion  with  trypsin  in  solution  of  sodium  hydratw  or 
sodium  bicarbonate :  putrefaction ),  spliu  up  into  bodies  which 
belong  to  two  distinct  groups,  a  /lemi'-group,  and  an  anji'-gronp.  We 
may  cooceive  of  the  complex  proteid  molecule  combining  with  the 
elcmentH  of  water  and  breaking  up  into  two  (or  more  than  two) 
molecules,  of  which  one  belooga  to  the  hemi-  and  the  other  to  the  anti- 
pmdnct  of  decomposition.  By  the  continued  action  of  the  hydrolytic 
•geat,tbe  primary  deavnge  products  of  each  category  arc  ftirther  dccom- 
posed,  nntd,  under  favoumblc  conditjons,  there  result  x  molecules  of 
antipept<)ne  and  of  hcmipeptonc  respectively.  The  bodicH  of  the  latter 
CToup  are  distinguished  by  their  greater  instability  from  those  of  the 
former  group,  and,  particularly^  by  the  fact  that  under  the  influoDce 
of  tiypem  tiiey  arc  capable  of  being  dccumpoijed  into  substances  of 
comparatively  simple  ciHistilution  and  of  which  the  best  ehflraclcrisod 
are  Iciicin.  tyroHin,  and  glutamic  acid,  whilst  tho  bodies'  of  the 
aati-grutip  cauuut,  under  the  influence  of  trypniu  and  an  alkali,  b« 
split  lip  into  bodies  less  complex  than  antipeptonc.  In  the  firBt 
paper'  in  which  Kilhnc  announced  the  vieWH  under  discussion  ho 
exnilnts  the  relation  of  certain  of  the  bodies  resulting  from  the 
decomposition  of  a  proloid,  by  the  aid  of  the  subjoined  schema,  which 
ahcwa  tlie  principal  pnHlueta  of  the  action  of  hydiulytic  agents  on 
protoids.  It  will  be  observed  tliat  whilst  the  ultimate  product  of  the 
tplittiog  up  are  poptones,  terinvd  ru^pectivclv  oTtd-peptoue  and 
/ifHii-pepLoue,  each  of  these  is  related  to  and  derived  from  a  so-called 
atbuntwe.  As  will  be  shewn  in  the  sequel,  tho  best  characterised  of 
the  iiitermedinte  products  occupying  a  position  between  llie  native 
iroteids  and  the  peptooes  are  the  atbumcaes,  anti-  and  hemi- 
Ibumose  respectively — bodies  which,  whilst  pomessing  some  of  the 
reactions  of  the  true  peptones,  and  particularly  exhibiting  the  so- 


Albumin 


Antf 


crooii 


Antialbumid  (Memi-protcin) 
Antinlhumat  (Pampeptone) 
Antialbninose     • 
Antipeptone 


HsmLgioap 


HemialbiimoM 
Hemi  peptone 


vltti  fail  pvpil  Chitlendeo.    T)i«  author  hat.  in  tiiftnf  places,  quoicd  deiKtiy-k'tit  of 
BWtbod*  UM  pr«]i«rtiM  of  mbMAUCsa  slinoat  rurlMiUm. 

1  KtUuM,  *  W«itaM  UitthHinngim  Ub«r  VardjtaanifMnKyme  and  dia  VodAnun;!  dcr 
AlbitBUiM.'    VirhundlMnftii  dtt  nanirhUL  nuH.  r^miu  lu  Ufidtlbtrg.    Bi.  i.  H«ft  4, 
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called  biurot-rL-action  (which  had  been  suppoHoJ  to  distiuguUh  the 
peptoEios  fruiD  all  other  protcids),  differ,  it  nas  been  stAted,  from  tbe 
peptones  in  poaaesaing  a  lower  powur  of  diffusinK  throviifh  animal 
membranctf),  a  dLstioction  wbicb,  If  it  Teally  exi&teu,  woiilu  (fstablifili 
the  foct  that  tliey  p'jsse&s  a  largur  molecular  weight  than  the  pepUiaee. 
The  sutemeiitg  which  Fuuku  originally  made'  oonceming  the  high 
diflfusibility  of  the  peptones  have,  however,  in  no  respect  been  con- 
firmee] by  the  inveatigations  undertaken  by  von  Wittich*  in  order  to 
test  them,  nor  by  those  of  ao  competent  and  trustworthy  an  obaeirer 
sls  the  late  Richard  Maty* 


Antialbuinat  and  Antialbumid. 


FrodocM  r»- 
salUnK  nrom 
ttio  decompoil* 
UonorproMib 
by  diluu  kcltlB. 
JLaUaltnun&t. 


When 
tiiro  of 


•n  proteid  HubBtaticeo  are  digeftted  at  a  tempera- 
40  C  with  hydrochloric  acid  containing  0-26 
per  cent  or  boiled  with  dilute  Rtilphiiric  acid  (3 — >5  per 
cent),  or  digested  with  an  acid  soliition  contaiuiii}!  but 
a  small  quantitv  of  pepsin,  the  decomposition  is  etTected 
with  the  forai&biou  of  oonsideraule  quantities  of  the  body  which 
MeLBsncr  termed  parapeptone,  but  to  wliich  Kilhiii?  hae  assisted  the 
new  name  antialiumat*.  This  body  is  pnicipitiitod  from  the  solntion 
by  neutralising  it.  It  is  found,  as  MoissuGr  had  stated,  to  be  soluble 
in  dilute  acids,  as  well  an  in  a  mixture  of  pepsin  ami  acid;  tofien 
dujested  with  the  latter  it  is,  however,  unacted  upon. 

Antialbtimat  is  dissolved  by  an  alkaline  solution  of  trypsin, 
which  nl  40"  couvei-ts  it  into  antiptiptono. 

When  trc-atod  for  a  long  time  with  acids,  antialbumat  U  con- 
verted into  a  iiiucli  less  Bolubln  body,  to  which  KUhne  aasigus  tbe 
1  .•  iw     rj    name  Aiitialbttmid.    This  formed  part  of  the  dyspep- 
lone  of    MetsAuer,   which   coutaaned,  in   addition,   so- 
called  nuclein&     The  substance  to  which  SchUtzenberger  asaigned 
the  name  Kemi-protein  is  antialbumid. 

As  was  said  when  reference  vias  made  to  the  body  discovered  by 
the  French  chemist,  antialbumid  is  precipitable  from  acid  solutions 
■when  those  are  neutralised ;  the  precipitated  body  is  wholly  un- 
dig«8ted  by  a  mixture  of  pepsin  and  dilute  acid ;  it  is  soluble  in  a 
weak  alkaline  solution,  e.fj.,  in  a  weak  solution  of  sodium  hydrate. 

The  characteristic  reaction  which  distinguishes  antialbumid,  from 
other  bodies,  is  the  jclly'likc  coagulation  wliicb  its  solution  in 
sodiiim  hydrate  (containing  oV.)  undcrgoeit,  when  digestod  with 
trypsin  ;  this  coagulation  re^ienibluH  that  produced  by  rennet  in  Suida 

* 

■  Vatike.  t^hrbaeh  drr  Phi/riotogU.  5lh  ed.  Vol.  I.  p. 308^  Viiebow'B.tivUi*,  Vol. 
xiit.tl»SS|,p.  449. 

-  r.  Wittioh. -UabeTdieDiSviVilitiit  drr  feptnne.'  llrrl.  kliKUch.  Wvckftuchrifl, 
1673.  no.  37.     AlvtiMt  publiihcd  in  Ualy't  Jahraberi^ht,  Vol.  tL.  {for  1979),  p.  liii 

*  UaXy.  •  XJvbta-  dli>  cbumiselte  2u«atDmenK-uuni{  tind  pbTiioJogucIn  BeotnUmg^ 
Peptone."     PBii^i-r'B  Arrhir,  Vol.  K.  (1974),  pp.  M,'.— (119. 

*  KUhBC,  n'tiUre  Mtichtilwtf  Obtr  I'fTdaaunytenii/m^,  p.  S. 
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conUUDiDg  casern.  Wheu  the  jelly  is  subjected  to  laDg-coDtiuued 
digcittion  with  trypsin,  it  tii  in  part  graHiially  disaolved,  and  the  »oLu- 
tioi)  is  fuuod  to  ooutain  anlipeptone,  lut  well  m  some  unchanged 
antialbiimtc],  but  no  trace  of  ieiicin  or  tyrosin. 

Whilst  the  nction  of  acids  gives  rise,  in  the  way  described,  to  those 
Eped&l  products  of  decunipositioQ  lielongiug  to  the  anti-group, 
which  are  de-nominatcd  antialbumat  or  aaCialbumid,  there  arc  alm^ 
oecessarily,  separated  at  the  same  time  bodies  of  the  hemi-group, 
and  ultimately  these  are  resolved,  according  to  circumstances  (nature 
and  strength  of  acid,  temperature  and  duratiou  of  process  of 
heating)  into  hemipeptoaeg  or  into  the  auiido-aclds  wbicL  result  from, 
dooompoaition  of  the  latter.  The  production,  u  well  as  the  facte  coq- 
nectod  with  the  formation,  of  the  bodies  of  the  hemi-group,  as  well 
as  the  fonnation  and  properties  of  antipeptoso  are  most  suitably 
diacusscd  in  connection  with  the  action  nf  the  enzymes  on  proteidn. 
Before  treating  this  branch  of  the  subject,  the  schemata  which  KQline 
'has  furnUhcd  exhibiting  the  decomposition  of  proteids  under  tbo 
iuduencc  of  acid»  are  placed  before  tbe  reader. 


Schema  of  Proteid  Decompoaiticn  bff  Acidi. 
a.    Action  of  dilute  HCl  (0-25  per  cent)  at  40'C. 

Proteid 
Antialouniat 


I 
Antlalbumld 


Hernial  bumose 

I 
Hemipeptone 

fc    Action  of  dilute  H,SO,  (3 — 5  per  cent.)  at  100'  C. 

Proteid 


Antlalbumld 


Hemi-albuniose 


Hemipeplone  Hemipeptone 


Leucln         Tyroiln    Leuoln      Tyroatn 


7%e  Albtivwsea. 

AlixanoMt  We   have  wen  that  under  the   influence  of  heat, 

nmiibu^^B  '^''"^  solutions  of  the  niiuera!  acid.i  arc  able  lo  effect 
tlw  utton  of  '^®  decomposition  of  the  proteid  molecule,  giving  rise 
smaia  kAd  ul^r  ioug'cuntiiiued  action  to  certain  quantities  of 
■eUi  oa  pro-  bodies  of  the  (iH^i-groiip  which  resist  lht>  further  de- 
*"***■  compiling  Uic:tifiu  uf  the  acids,  as  well  as  to  products 

derived  from  the  A*7Ht-uioicty  uf  tho  pruteid  molecule. 

Tho  deoom position,  which  acid.-*  efTcct  with  coiuparativo  alowueas, 
proGMds  with  iutinitely  greater  rapidity  in  the  prepuce  of  pepstii and 
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dUut«  acid  at  WC.  If  the  quantity  of  pepaiu  be  suffici^Dt  to  coofe 
intense  tligestive  properties  on  t\i«  solution,  tlie  decomjiosition  pro- 
ceeds in  such  a  mauDcr  that  there  arc  not  produced  frum  ihv  aati-j 
Diuiety  of  the  mole<.'iil<^  a.uy  antialbuniat  or  aDtialbumid :  were 
latter  body  produced,  inasmuch  as  it  is  incApablc  of  further  dcoom-' 
poaitiou  by  pepsin  and  acid,  it  would  pu-rsiat  tu  the  very  end  of  the 
digestive  proeess,  whereas  it  is  found  that  under  fevournblo  ciraitn- 
stanccH  ttit;  whole  of  the  probeid  acted  u|)on  laay  be  convurlL-d  mto 
peptonet*. 

By  arresting  the  procew  of  peptic  digestion  in  its  earltcr  stages, 
Kuhtie,  as  was  provioti^ly  stAttHi,  has  Beparated  from  digestive  mix- 
tui'ea  bodies  which  are  included  under  the  generic  name  of  albu- 
moees,  which  are  intermediate  between  proteids  on  the  one  hand  and 
peptones  on  tlie  otbiir,  there  beiug  certain  of  them  which  being  con- 
vertible by  a  continued  action  of  euzyoic  into  antipeptonc  nre  tenoed 
antialbuuioeie]<,  and  others  convertible  in  a  similar  manner  into  bemi- 
peptoiiea  aod  termed  hemi-albuuioses. 

In  the  tirst  instance,  Kuhne  discovered  and  described  under  the 
term  uf  bemi-albumose  the  first  product  of  hyJrolytic  decom position, 
derivc^d  from  the  hemi-muiety  of  the  proteid  molecule.  He  iaeotified 
it  with  a  botly  discovered  and  described  long  ago  by  Bence  Jones'  as 
a  constituent  of  the  urine  iu  a  case  of  oateo-malaoia,  and  which  K.Ubne 
bad  himself  alBo  been  able  to  separate  from  the  urine  iu  a  similar 
case'.  Subsequent  rescaichcs,  however,  have  led  Kiihne  to  discover 
that  hemi-nlbuitiuiie  is  a  mixed  product,  consietiug  of  several  pmteid 
bodies,  which  have  essentially  the  same  percentage  composition,  and 
whicli  have  several  important  eliaract<*rs  in  common  :  all  of  which 
probably  owe  their  origin  to  the  combination  of  the  elements  of  water 
with  the  proteid,  and  occupy  poeicions  intermediate  between  proteids 
and  peptones. 

Hemi-itlhumose,  thus,  is  a  mixture  of  the  albumosos,  belonging 
to  the  hemi-nioiety  of  the  proteid  molecule,  which  are  all  convertible 
directly  by  pepsin  and  acid  into  hemipeptcne.  whilst  ultimately 
furnijihing.  when  digested  with  trypsin  imd  nlkali,  or  when  btiiled 
with  sulphuric  acid,  leuciu,  Lyrosiu,  glutamic  acid,  iic.  Acoonlin^ 
to  certain  subordinate  characters,  such  as  solubility  in  water  and. 
solutions  of  sodium  cblnride,  Kiihne  and  Chitlcuden  have  described 
proto-albumotjcs,  hetero-albumoses,  deutero-albumoses,  and  dys-albu- 
raosca'. 

*  Denca  Jonoa,  PhiUnophieal  TVitiwairtton*,  IMS.     Part  i.  p.  55. 

•  Ktihiiv,  'Uebct  UoaualbumoM  im  Utaa.'    Zauehrijt  /9r  BUIogt4.     Vol.  m. 

p.  20rt. 

Kiilino  und  Chittoniiim,  nnd^ir  hoiuling  'AlbumojMi  tn  Han  bol  OMttMBateeU'  in 
Memnir  "ITriiw  AlbuinoKnH.'     XefUehrift  fur  ilioUfit.    Vol.  «>- p.  iO, 

'  Kuhne  iind  Chiiitin'Uin,  '  Uebei  Album onan.'  ZtlUthriJl  jnr  liMogit.  Ttd.  me, 
(1881),  pp,  11—51. 

KiLhiiituud  Chittenden,  'Mjodn  luil  MjosinoMO.'  Ztittckrijt  fSt  SM»flt.  Vol 
zzv.  (latiO),  pp.  8&H— 366. 

Cliilt«iideB  UD<L  Hart,  'ElMtin  und  ElsaliaoHo.'  ZtiUekriJt  fSr  BlatatU.  T«L 
nv.  (18691  pp.  t«()— SM. 
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AniicUJKioiOde. 

It  lia«  be«Q  sbiteJ  thul  when  proteids  aru  digested  with  dilute 
niiiicral  itcids,  antiulbiimut  and  aDtialbtimid  am  the  only  repretientar 
tjvcs  of  tba  anti-moietj'  of  the  pnrteid  uinleculii.  When  Kuhne  had 
diacovered  in  hemi-albumOae  an  intennediate  prixluct  between  proteid 
and  ht-mipeptnne,  he  was  naturally  led  to  surmise  that  there  probably 
existed  an  analocous  alburaose  corregponding  to  antipeptone.  Direct 
experiment  fumuihed  e\*idence  which  leaves  no  doubt,  indeed,  of  the 
existence  of  such  a  body,  though  it  has  not  been  obtained  in  a  condi- 
tion of  purity  tior  in  large  quaiility.  The  substance  is  found  iu  the 
precipitate  obtoined  by  neutralising  digestive  mixture*  of  acid  pepsin 
and  proteid.  but,  as  follows  from  what  hoa  been  already  sUtted,  iu  the 
uoutraliKAtion  precipitate,  any  antinlbumose  which  may  be  present  is 
mixod  with  antialbumaL 

Tho  following  account  of  one  of  Klihne  and  C'hitttndon'a  experi- 
ments, having  for  its  object  the  sepanttiou  of  antialhumoHe,  will 
oonvey  an  idea  of  the  methods  to  be  employed'. 

The  albumin  of  &0  eggs  wan  treaind  with  water  and  acetic  acid 
and  coagulated  by  heat.  The  coagulum  having  bt^en  washed  and 
freed  from  water,  by  pressure,  was  digested  in  two  litres  of  dilute  HCI 
(0"4  per  cent.)  at  301'  C,  mixed  with  one  litre  of  artificial  gastric  juice 
at  the  same  tempcmture. 

n*  artificial  gastric  juice  liad  been  prepared  by  digesting  for  4& 
boun  At  40*  C.  the  whole  of  the  mucous  iiivmbmno  of  n  pig's  tstomxcli, 
wiili  the  exce[)tioD  of  that  from  the  pyloric  region,  in  '1  Utri«  of  HCI 
oonlaining  0*4  per  ««nt.  After  thi»  dtgetlion  the  liquid  had  het^a  dialysed 
for  24  livurs  in  a  K(ihiiv*a  tu)»;  dinlyscr  (w^  F\g.  7,  i>,  SO),  in  a  Mi-'tam 
of  rtitinitig  wKtvr:  luilicyiii.-  add  iu  tho  [>ro|K)i-ttou  of  one  pnrt  in  1000 
having  bmn  addod  before  dialTMa,  and  hydrochloric  acid  bning  add«d  at 
its  comduaion  so  oa  to  again  hriug  the  ttuumiit  of  acid  to  the  original 
amount,  viz.  04  per  cent. 

The  digestion  ha^-ing  proceeded  for  an  hour  and  a  half,  iho 
mLtnire  was  filtered,  so  as  to  separate  the  conaiderftblc  quantity  of  yet 
undiHAnlved  albumin.  ThiH  wa.<t  treateil  with  a  fresh  quantity  of  tho 
gastric  juice  ;  in  15  houre  at  40'  C„  snlution  was  effeeted,  the  quantity 
of  liquid  amounting  to  fiOOc.c.  The  solution  thus  obtained,  after 
fillraLion,  wan  neutrali.<«cd,  when  a  precipitate  fell,  considerable  in 
amount,  yet  smalt  in  comparison  to  the  amount  of  albumin  operated 
upon.  The  prccipitnte  was  washed,  diss/ilved  in  ISOcc.  of  gostrtc 
juico.  digestctl  for  iH  hours,  and,  on  ucutJ-uUsiug,  again  precipitated, 
uot  appreciably  diuiiniuheil  in  amouut.  In  this  way  was  obtained  a 
botir  having  the  same  characters  a.s  Mcii<«ner'H  parupeptonc. 

litis  body  oonsiKting  of  a  mixture  of  sutialbumo«e  and  aoU- 
albumid,  wna  dissolved  in  solution  of  sodium  hydrate  (0*75  per  cent) 
and  digitated  for  about  4ii  hours  at  40  C.  with  a  dialysed  paucreatic 
extract    No  clotting  occurred. 

>  RUui«  uad  Chiikndcn.  -  Uober  AJbnnKM«n,'    Ztitwckrifl  far  BMimi*,    Vol.  u. 
(J«4>. 


124 


HEMI-ALBUMOSE. 


[book  IL 


From  the  solution  after  digestion,  acetic  acUl  added  to  netitratisar^j 
tion,  threw  down  a  siil>8tance  haviog  the  charactore  of  aniialUumiif 
and  particularly  exhibiting  the  characteristic  property  of  yieldiD, 
when  digesttHi  with  soda  and  irvpsiii  a,  thick  jelfy.     The  Blurale  froE 
the  acetic  acid   precipitate  of  antiaJbumid  contained  antipepcoue, ' 
which   when  digested  during    eight  daya  at  40 'C.    with   suda  aod 
trypsin  gave  no  trace  of  leiicin  or  tyrosin. 

From  the  sulutiun,  antipeptonc  cuuld  be  precipitated  by  concentra- 
tion and  the  addition  of  alcohol 


Hemi-alhtmose  and  the  Alhumosea. 

As  the  reader  has  gathered  from  much  which  has  pre 
hemi-all>un»is£j  in  thu  name  which  was  applied  by  Ktihoe  to  th 
product  of  the  action  of  hydrolytic  agents  and  especially  of  the 
proteolytic  enzymes,  upon  the  hemi-moiety  of  the  proteid  molecule. 
To  the  same  product  the  term  a  peptone  had  been  assigned  by 
Meissiier  and  propeptone  by  Schlotdc-^uilheim^ 

As  a  result  of  bia  earlier  researchos,  Klihne  announced  hemi- 
albuinose  to  he  a  body  sparingly  soluble  in  cold  wat«r,  more  wluble 
in  hot  water;  precipitablo  by  nitric  acid,  the  precipitate  being 
disaolvcd  ou  adding  an  excess  of  acid,  or  on  heating ;  the  precipitate, 
in  the  latter  case,  returning  when  the  liquid  is  allowed  to  cool. 
Ucnn-albumoHe  was  found,  further,  t<i  he  Holuble  in  weak  »oIiitii>ns  of 
NaCI,  from  whieh  it  is  deposited  if  the  »ait  be  added  to  Haturation. 
Acetic  acid  and  ferrocyaiiide  of  potassium  precipitated  solutions  of 
hcini-albumose.  Witli  copper  sulphate  and  sodium  hydrate,  hemi- 
otbuuiose  was  found  to  give  in  au  intense  degree  the  'biuret'  reaction, 
which  hod  been  supposed  to  be  characteristic  of  the  true  peptones. 

A  further.  mo»st  useful,  chanicter  of  hciui-albuniuse,  a  knowledge 
of  which  wo  owe  to  Wenz*,  is  that  of  being  compleli.'ly  precipitated 
when  its  Kohitiuiiii  arc  saturated  with  aiiunomuni  sulphate*.  This 
salt  afl'urds  indeed  an  easy  and  certain  nielhud  <tf  separatinc  |>i^ptones 
from  all  other  proteid  substances  in  a  digestive  mixtiin^  tueae  being 
thrown  down,  whilst  the  peptones  are  left  in  the  ttolution.  whicu 
then  may  be  freed  from  tlie  aninioaiacal  salt  by  duUysis,  or  by 
boiling  with  barium  carbonate  or  hydrata 

Even  in  one  of  his  earlier  papers,  on  the  immediate  products  of 
decomposition  of  the  proteids,  Kuhne  had  expressed  a  iloubt  as  to 
the  product  which  he  had  tenncd  hemi-albumofte  being  a  definite 
chemical  individual.  The  researches,  which  he  in  conjunction  with 
Chittenden  aft^-rwards  carried  out,  proved  conclusively  that  tbo 
henii-alburaoai;  which  he  had  first  obtained,  is  a  mixture  of  several 
bodies,  to  which  they  have  assigned  the  names  'proto^bumost.*,' 
'deutero-albumo»e,'  '  hctero-albumose'  and  '  dya-albumoeo.*     Still  it 

'  bklimidt-Mulbrini,  ■  UntoritucUung«n  flbtr  A.  Vcrdauung  Jcr  Eiveisa-KBoptr.'  Dn 
BotH  Ki'/muDil.  Arehiv  f.  Ai\at.  u.  fkifi..  I'lyn.  Abtli.  1»70,  ]>.  1. 

*  Wi'iui.  'Uab«r  dan  Vi^rhnitnn  dct  F.inidnnlullo  bet  dci  tlkrm-Venlaoong.'  Zrtt- 
tehn/i  f.  /l.nIoj)(c.    Bd-  22  (ISiiej,  8.  1. 
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appears  to  the  Author  that  we  may  with  ailvautaee  retain  the  term 
ftenti'ttlbntnose  for  the  mixed  product  containing  all  the  albuniotsea. 

BIouil  Kbrin  atTords  a  tiintcml  frora  whicli  the 
mixeJ  a!l)umu»f»  can  hi>  uhiaineil  with  the  greatest 
eaac 

Fibrin  obtained  by  stirring  or  whipping  blood  is 
thoroughly  washed  with  water  and  it  is  then  placed  in 
02  per  cent  HCl  until  it  has  swollen  up  into  a  jelly ;. 
the  acid  and  6brin  are  heated  to  37'  and  an  active  solution  of  pepsiu 
is  then  ;utded,  which  causes  solution  of  the  fibrin  to  occur  in  the 
course  of  ifer)-  few  miuutes.  Digestion  inay  bo  allowed  to  go  on  for 
about  an  hour  and  may  then  be  stopped  either  by  cooling  the  liquid 
or,  better  still,  by  ucutralisiiig  it  with  aediura  hydrate. 

Kuhnt>  and  Uhittendcn  in  one  of  their  cx]>erimcnts  piaccd  IflOO 
grauiDK-s  of  raw  tibrui  in  5  litres  of  ltd  (Ot  per  cent.)  foi'  24  hours, 
tL«u  hfAl«d  it  to  45°  C.  and  mixed  with  it  400  ac.  of  noiTnol  artificial 
gastric  juicu  and  digented  the  mixture  for  1  hour'. 

An  abundant  precipitate  falls  which  is  separated  by  filtration. 
and  to  the  filtrate  powdered  sodium  chloride  is  addinl  iu  such 
quantities  that  some  remains  undissolved  and  mixed  with  the  abund- 
oat  white  precipitate,  which  is  collected  in  a  filter  and  waslied  with 
a  tittle  saturated  NaCl  sulittion.  The  prixluct  ii^  liemi-albuuiuNu,  i.e. 
a  mixture  of  the  albumoses  derived  from  the  hemi-moicty  of  the 
proteid  molecule. 
MaLiMd     of  Tlie  product  deticribed  in  the  preceding  paragraph  is 

scpHraled  from  the  filter  and  is  pounded  in  a  mortar 
together  with  a  saturated  solution  of  NaCI,  which 
dissolves  and  holds  in  soltition  the  so-called  deutero- 
nlbumose,  whilst  proto-albitmosc,  dys-albninose  and 
hetero>albumose  remain  undissolved. 

From  the  solution  in  MaCl  above  referred  to  dcutcro-albumosc  U 
pn-TipiiaLed  by  means  of  acetic  acid  in  which  wxlium  chloride:  hsa 
oevu  diKioIved. 

The  Mparation  of  the  aibumus*::a  thruwu  down  by  NaCl  is  eirL*cted 
aa  follows.  The  mixed  precipitate  containing  them  Is  pressed  so  8» 
(o  firee  it  as  thoroughly  aa  poasibic  from  adhering  8alb  solution,  and 
is  then  treated  with  a  conaiuerabte  (quantity  of  water,  which  dissolved 
it  aloiobt  entirely.  The  insoluble  matter  is  separated  by  Hltration 
jmd  ground  in  a  mort-ir  with  .5  per  cent,  .solutiim  of  NaCI,  and  then 
villi  water,  and  constitutes  the  so-called  dys-albumose.  The  united 
■olQlioDS  containing  NaCI  are  dialysed,  whereupon  a  precipitate  occurs 
of  to-caJlcd  hetoro-albumoso,  whilst  proto-albumoee  is  left  in  Mlution. 

'  All  tfa«  deUn*.  k  kiiowl«dge  of  which  h  neocuur  r«r  rtMstiiiK  EiUiae'i  e:^tf{- 
BMBti  will  btt  (oiind  in  tho  p*pcc  b;  CliitUndcQ  uij  hiiOEwU,  *L'cb«r  AlbuiuoMO,' 
ZfitHhriJt  JRr  Biologir,  Vol.  tx.  (1884),  pp.  II — SI ;  rafei  ta  p.  13.  The  reader  may 
aUo  nf«f  to  a  nroTMua  pkpa-  by  the  «Miie  aatbcin,  *  Uebet  die  niehsten  KpAlMngt- 
pMdnkM  dor  S.iwm«t.Ktiifnt '  XtiUtlirifl  ft&  Biotofu.  Vol.  xix.  {VaeS).  |>|i.  159— W8  : 
:  nr«  to  pp.  IM  and  1»3. 
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fnfo-  The  a(|nt»iis  solution  which  hau  been  dialyaed  aQd 

•""■*•"•  thus  Beparated  frora  heMroalbumose,  poAsessea,  as  do, 

According  to  Kiihm;,  nil  solutions  of  albumoses,  an  allialine  reacttoo. 

Id  onler  to  obtain  proto-albamcue  in  a  state  of  purity,  the  solu- 
tion is  saturated  with  NaCI,  the  precipitate  dissolved  in  water,  and 
the  procesw  of  precipitation  and  somtioa  repeated  four  times. 

From  the  watery  solution  of  lliis  purified  proto-albumose.  the 
solid  KuWtance  is  obtained  by  precipitating  directly  with  alcohol,  or 
by  firet  cijuccutratiog  the  aulution  in  the  wator  bath  iiud  then  adding 
alcobol  to  the  conoeotrated  solutiuu.  The  alcohol  precipitate  is 
washed  successively  with  alcohol  and  ether,  after  treatment  with 
which,  prolo-ftlbumose  is  obtained  in  thick,  auow-while  masses.  The 
Kubatancu  i«  hiehly  soluble,  and  although  itH  soltitioii  is  not  c-fTocted 
imniedi&toly,  the  quantities  duuiolved  are  so  great,  that  a  eolutiuu  of 
syrupy  consistence  ran  be  obtained.  The  solutions  are  coIourleBB, 
not  perfectly,  although  almost  perfectly,  tranajtarent,  and  have  an 
alkrkline  reaction. 

^\^len  nitric  acid  is  lulded,  drop  by  drop,  to  a  pure  uoliidon  of 
proto-albumose.  a  white  precipitate  falls  which  at  first  disappeaw 
when  the  fluid  is  mixed  by  shaking,  a  fresh  precipitate  occurring  on 
addition  of  more  acid.  The  precipitate  which  persists  alter  addiuff 
a  sufficient  quautity  of  acid,  m^ppeiiro  on  li^alintf.  but  is  deposited 
a^D  as  the  liquid  cools.  An  excess  of  nitric  ocid.  even  in  the  cold, 
<lissolves  the  precipitate  at  tint  formed,  the  aolutioti  assuming  a 
yellow  colovir ;  sodium  chloride  added  to  it  throws  down  a  precipitate 
which  is  entirely  dissolved  by  licat,  and  deposited  again  on  coohng. 

Solutions  of  prolo-aibumoBB  are  precipitated  by  acetic  acid  and 
pota&sium  ferrocyanide  If  the  quantity  of  acetic  acid  be  suiaJl 
tbe  precipitate  is  uudiatiolved  by  heat ;  if,  on  the  oUmr  Laud,  litroug 
aootic  acid  bo  added  to  the  aolntion,  a  larger  quantity  of  fcrro- 
eyanide  is  required  to  produce  a  precipitate,  hut  tliia  is  dieaotved  on 
heating  the  hquid,  which  becomes  turbid  oo  cooline;. 

Solntions  of  proto-albuniosc  if  saturated  with  NnCl  and  filtered, 
become  a  Uttlc  less  tnui^x*''^'^^  when  boiled,  uud  the  turbidity  con- 
tinues  when  they  are  cooled.  The  addition  of  «  trace  of  acetic  acid  to 
such  solutiouH  cauauo  thcin  to  become  very  turbid. 

Cupric  sulphate,  mercuric  chloride,  and  basic  lead  acetate,  cause 
heavy  precipitates,  which  ia  the  catm  of  the  fir«t  and  third  of  these 
reagents  are  soluble  in  exc^sa  of  the  precipitant.  Tlicse  precipitates  are 
only  partially  dissolved  when  the  liquid  in  which  they  occur  is  boiled. 

Treated  with  a  trace  of  copper  sulphate  and  a  large  quantity  of 
Bolution  of  sodium  hydrate,  solutions  of  proto-albumose  exhibit  the 
beautiful  aKl-vioIet  so-called  'biuret'  reaction.  When  boiled  with 
lead  acetAte  and  alkali,  solutions  assume  a  dark  colour  due  to  tbe 
formation  of  PbS,. 

Proto-albumose  is  lacvogyrous.  Ktihnc  and  Chittenden  deter- 
mined the  specific  rotation  of  five  different  preparations  of  the  sub- 
staooe  and  obtained  the  following  reitults: 
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Preparation  A  (aJn  =  —  72-64 
B(a)o  =  -79'05 
C(«)b  =  -77=90 
D(a)o  =  -73-18 
E(a)j,==-7r-40. 

The  following  are  tbc  mcaus  of  several  analyses  of  each  of  6ve 
Uiflercnt  preparations  of  pioto-aJbuinose  (Kliliae  and  Cbitteudeu). 


Carbon 

Hydrogen 

Nitnigen 

Sulpbur 

Oxygen 


A 

(Mean) 
5089 

6-83 
17-12 

1-17 
23'D9 


B 

(Moan) 

50S9 
674 

1712 
1-07 

24-68 


C 
(Me&n) 
5054 

6-69 
1734 

1-17 
24-26 


D 

51-50 
6B0 

171.1 
0-94 

23-03 


E 
(Mcnn) 
50-.55 

6-85 
17-01 

1-07 
24-52. 
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Ah  lias  been  already  Ktatc*!,  titis  body  .separates  from 
the  salt  solution  of  ilie  mixed  albumusee.  diiriug  dialy- 
na,  and  wiheres  as  a  gum-like  xoBfm  to  thp  walls  of  the  tube  (iiatysur 
in  which  the  operation  is  carried  on,  so  that  in  order  to  separate  it 
the  tubi'A  must  be  cut  cipen.  Ketero-albiimose  cannot  consequently 
bo  fteparHte/l  from  the  proto-idbnmnse  sohition  by  filtration,  but  its 
cullcctiou  is  reudered  tnoio  easy  if  the  liquid  bo  saturated  with  sodium 
chloride,  after  which  it  is  separated  by  docontation.  The  crude 
lictero-albmnose,  thus  obtained  on  Jryiug,  ossiimt;*  the  appearauce  of 
plates  of  golatin.  lu  order  to  purify  the  Kiibbtauce,  two  methods  are 
available*,  tht  first  of  which  consiats  in  dissolving  it  in  5  or  10  per 
cent,  solution  of  NaCl,  and  simply  diaJyKing  the  solutiun  ;  the  second 
coiisisls  in  prccipitaUng  the  salt  solution  just  referred  to  by  means  of 
rock  salt,  rcdissolving  the  precipitate,  and  then  dialysing  the  solu- 
tion. 

Hetero-albumose  is  insoluble  in  pure  water,  '.vhich  thereby  catiseH 
fraginents  of  the  substance  to  soften  and  ewell.  Sotutionfi  of  NaCl, 
so  dilute  an  to  contain  less  than  05  per  cent,  of  the  salt,  or 
strong  to  coBiplele  saturation,  dissolve  hetero-albumoae.  though 
slowly,  in  considerable  proportions,  though  the  salt  acta  most  etti- 
eicDtJy  as  a  solvent  in  proportions  vat^-ing  between  5  and  10 
per  cent  On  completely  saturating  solutions  of  hi^teiu-albiiinose 
with  NaCl,  the  substance  i«  abundantly  precipitated,  though  precipi- 
tation is  uol  complete,  auJ  oii  subseijuent  dialvais,  a  furtiicr  precipi- 
tate u  obtained  Strung  solutions  in  o  to  lO  per  cent,  solutions  of 
NaCI  are  rendered  turbid  by  the  addition  of  water. 

In  addition  to  ueutral  »alta,  dilute  solutions  of  acids,  aUcaliee,  and 
alkaline  carbonates,  act  as  efficient  solvents  of  hebero-albiimoise. 

The  BolutionB,  thus  obtained,  are,  in  general,  procipitatecl  by  tieu- 
trati-ting  them,  though  never  completely  so.  as  thv  substance  is  held  in 
•olutiun  by  tliu  k-iIui  whieh  are  formed  during  the  process.  NaCI 
solutions  of  hetero-albumoee  always  have  a  distinctly  alkaline  re- 
action. 
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The  most  cliaracteristic  property  of  hetoro-albumo»e  is  the  bebs- 
viour  of  its  Solutions  when  boilud,  as  wull  as  tbii  peculiar  bt-bavioui 
of  the  ttudissalved  l>at]y  wben  the  fluid  iu  which  it  is  stispended  is 
boiled. 

VVh«n  hGt«ro>aJbiimaQe  is  suRpended  in  water  and  builed,  it  be- 
comes coiupletoly  insoluble  ia  Bolutions  of  NaCI  of  all  etreogtbh 
During  the  process  of  heating  the  sribstatice  appeals  to  melt,  and 
adheres  in  patches  to  the  gl»aa ;  on  cooling,  It  sets  in  masses,  which 
are  either  leathery  or  harder. 

Saturated  solutions  of  hetero-albumose,  containing  i-^2 — 3 — 5 

Ser  centv  of  NaCl,  coagulate  about  equally,  e.^.  the  turbidity  pro- 
uctid  13  about  the  some  in  degree  in  the  different  cases.  If,  however, 
the  solutions  have  been  dilutt:d  with  from  three  to  five  times  their 
own  volume  of  solution  of  pure  NaCl,  coutainitig  the  same  amoanc 
of  the  salt  an  they  contain,  no  precijiitatu  Is  obtaiutKl  when  the 
liquid  is  boiled  or  when  it  subsenuently  cooJa  The  gradual  addition 
of  acetic  acid  to  these  clear  solutions  causes,  however,  a  turbiditr, 
which  increases  at  first,  but  afler  a  certain  point  disappears.  Nitnc 
acid  added  to  the  fluid  will  now  cause  a  fresh  turbidity,  whicfa  db- 
appf>an>  on  adding  a  sufficient  excess  of  acid.  If  to  the  cold  solution, 
which  is  clear  aud  remains  clear  when  boiled,  strong  solutions  of 
NaCt  bo  odded,  a  precipitate  occurs  which  disappears,  or  nearly  so, 
on  boiliag,  and  ruappeunt  again  on  cooling. 

When  10  a  solutiou  of  hetenMilbuinosc  only  so  macb  acetic  or 
nitric  acid,  respectively,  is  added,  a«  will  occasion  a  perceptible  tur- 
bidity, this  is  observe(l  to  increase  as  the  liquid  is  heated,  to  disap* 
peAr  wheu  it  is  boiled,  and  to  reappear  in  increased  degree,  when  it 
IS  cooled. 

Uctero-albumose,  which  has  been  suspended  in  water  and  rendered 
insoluble  by  boiling  the  water,  is  found  to  swell  and  dissolve  com- 
pletely in  UCl  cuntaining  bctwocu  01  and  0*2  per  cent,  but  to  be 
almost  iaaolublu  iu  sclutious  of  sodium  hydrate  (coutainiug  from  0-25 
to  3  per  cent,  of  NaHO).  By  its  solution  iu  hydrochloric  acid  the 
coagulated  .substance  appears  to  have  betmi  iu  part  rt-couverted  into 
normal  hetero-albumose,  identical  with  the  original  b-ubstance,  but  in 
part  to  have  been  changed  into  a  substance  identical  with  dys-aibu- 
niose. 

Acetic  acid  and  potassium  ferrocyaaide  render  solutions  of  hetero- 
albumose  strongly  turbid,  the  turbidity  disappearing  on  adding  a 
sutHcieoc  quantity  of  the  acid.  When  the  reagents  arc  added  iu 
certain  favourable  proportions,  it  may  Iw  noticed  that  the  turbidity 
occasioiiL-d  by  acetic  acid  and  potassium  ferrocyanide  disappears  on 
boiling  the  liquid,  but  reappears  when  it  becomes  cold. 

With  copper  sulphate  &ud  sodium  hydrate,  hetcro-atbumotte  gives 
the  biuret  reaction,  but  it  is  to  be  noted  that  a  very  faint  excess  of 
tbe  copper  nalt  sufHce^  to  conceal  entirely  the  rose  colour,  which  is 
then  covered  by  the  well-knuwu  violet  colour,  characteristic  of  the 
albuminous  substances  in  solution. 


UUAP.  II.]  DEUTERO-ALBUHOSE.  1S9 

When  boiled  with  lead  acetate  and  sodium  bydrabe,  a  brown 
preoipiute  occurs  in  solutions  of  lieter«-nlbtimo8e,  but  this  is  BmRlIwr 
ID  amount  th&a  would  be  expected  from  the  amouat  of  atilpliur 
which  the  subKtaiice  coQtains. 

Copper  tiulphatc-,  oud  uuutral  and  biuic  lejul  acetates,  preci^tate 
solution  of  hetero-albuiiioHo  in  aociium  cbloridy.  and  the  piooipitate* 
an  insoluble  in  excess  ofttic  precipitaots. 

Unlike  proto-  or  deiitHro^albu  inose,  hetero-albuniose  in  solution 
k  not  precipitated  by  mercuric  chloride,  whether  the  r-eactloQ  be 
alkaline,  neutral,  or  faintly  ncid.  On  addition  of  acetic  acid,  however, 
a  precipitate  falls  which  requires  a  very  large  excc^ss  of  ncid  to  dis- 
solve it 

Hctcro-albumosc  is  lacvogyrous,  its  apocitic  rotattoD  haring  bcco 
found  (the  ineaii  of  three  deturmimitioi]^)  to  b^  (a)^  =  —  6S''65. 

The  fiillowiuj^  w  thu  conipositiuu  of  hetero-albumosc,  according  to 
the  analyses  of  KUhne  and  Cbittondeo : 

Oarboo 30-74 

Hydrogen fi-72 

Nitrogen  17"14 

Sulphur MB 

Oxygon 24  24 

From  these  nuinbera  it  would  appear  that  there  is  do  appreciable 
diflbroDCo  in  ultimate  composition  between  proto-  ana  hetero- 
AlbunuMe. 

DMUn-  This  bodyj  although  present  in  the  mixed  '  hemi* 

■'**«•'>••-  alhumitsti*  product  ol  digL-stion  with  pepsin  and  acid, 

was  obtained  by  KUhnv  niuKt  easily  from  '  Wilte's  Peptone,'  which  is 
an  article  of  commerce,  and  like  the  majority  of  other  commercial 
preparations  Hold  under  the  name  of  Peptones,  cuutaius  large  (|tiati- 
tities  of  the  mixed  albumoses  in  addition  to  hcmi*  and  anti- 
peptoneH. 

The  mixed  albumo^ee,  or  Witto's  peptone,  having  been  pounded 
in  a  mortar  with  saturated  eolation  of  NaCl.  and  the  Holution 
having  been  filtered,  it  is  treated  with  acetic  aci'd,  which  at  once 
throws  dowu  an  abundant  procipitate  ufdeuterQ-albumosie.  which  is 
ootlcctcd  in  a  bog,  washed  with  saturated  solutions  of  NaCl,  redis- 
solved  ^ain  in  wvak  salt  Kttlutiun.  aud  reprecipitatcd  with  acetic 
acid.  The  precipitate  is  again  diMolved,  the  salt  and  acetic  acid  are 
separated  by  dialyniii,  the  acid  with  considerable  difiiculty,  and  best 
after  haviag  been  oiutiously  neutralised  with  solutiou  of  sodium  hv- 
drate.  lu  tnedialyser,  the  hetem-alhumose  is  found  in  Kolution.  The 
Uttur  iscimeentrulf^d  hv  evanoratinn,  and  the  hetero-albuuiose  M  pre- 
cipitated by  the  addition  of  alcohol ;  the  precipitate  is  washeil  wilh 
abnolute  alcohol  and  ether  anif  obtained  ns  a  perfectly  white,  light 
powder,  which  but  fur  containing  a  nmall  quantity  of  calcium  sulphate 
(O'fiS — 177  per  coot.)  appears  to  be  perfectly  pure. 

0.  0 
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Deutero-albumose  is  not  precipitated  from  its  solutions  by  »tut»- 
tion  with  sodium  chloride. 

Even  whcD  its  Hottitionit  are  saturated  with  NaCI  and  boiled  no 
precipitatiou  occurs, 

S»Iutioi»a  in  pure  wnter  are  not  precipitated  by  boiling,  even 
aftt-r  bi-itig  iicidulaLud  with  acetic  actd.  Nitric  ucid  produces  neither 
turbidity  uiir  prueipitatc;  whon  added  in  slight  excess  the  liquid 
becomns  ytllow,  cvcii  in  the  CdUl.  If,  however,  Hodium  chloride  be 
added  in  Biiflicienl  cjuaiitity  to  this  yollow  liquid  it  becomt?*  turbid, 
but  wlmn  heated,  long  befoFR  it  rcachon  the  boiling'-paiDt,  it  becotnas 
clear;  on  cooling,  however,  the  Bohitioa  hecumcB  aa  opai|ne  tta 
before. 

When  snlutioris  of  deutero-albumose  arc  rendered  feebly  arid  by 
iiifuu^  of  acetic  «cid.  and  then  a  few  drops  of  a  solulion  of  NaCl 
added,  they  may  remain  perfectly  clear;  on  then  gently  heatiog.  a 
turbidity  often  hecumea  visible,  to  disappear  wheu  the  tcmiJerature 
tUvn,  and  tu  reappear  peniiauently  on  cooling,  aft^r  which  the  liquid 
miisl  ho  htMitcd  almost  to  b»iling- point  in  order  to  dear  it. 

If  tliB  (luautlly  of  NaCl  atlJed  he  gradually  increased,  however,  it 
will  be  found  that  on  boiling  the  solution,  the  precipitate  almost,  but 
never  quite,  disappears  on  boilinj^.  If  the  liquid  be  filtereil,  how- 
ever, it  will  be  found,  that  though  it  at  first  paesee  through  the  filter 
perfectly  clear,  it  at  once  commences  t/i  precipitnte.  in  consequence 
of  the  sudden,  though  slight,  fall  in  temperature.  If  acetic  acid  be 
added,  however,  to  a  cold  XaCI  solution,  in  which  a  precipitate  had 
been  caused,  in  quantity  sufficient  to  dissolve  the  procipilated  deu- 
tero-atbun)u.4L;,  no  further  precipitation  will  be  cauaed,  ihuugh  the 
liquid  be  again  bolted. 

When  heated  with  lead  acetate  and  sfjdium  hydrate,  dentero- 
nlbumosc  darkens  intensely.  To  acetic  ncid  and  potaaaium  fcrro* 
cyanide,  aa  well  as  to  .solutions  of  neutral  and  basic  le^l  acetate, 
copper  sulphate,  and  nier*'uric  chloride,  dentero-albnmose  behnvcs 
precisely  us  proto-albumose. 

Like  all  the  nlbunioscA  it  is  precipitated  completely  from  it«  solu- 
tions when  thcBC;  are  saturated  with  neutnil  ammouiuin  sulphate. 

Deutero-nlbumoae  ;pve8  with  copper  sulphate  and  sodium  hydrate, 
the  ro»>  colour  which  constitutes  the  biuret  reaction. 

Deutero-albiiniune  is  laevogyruua  The  specitic  rotation  of  the 
preparation  was  found  by  Kiihne  and  Chittenden  to  be  (I)  (a)j,  = 
-  74"4 1,  and  (2)  {a)j,  =  -  79"-1 1 . 

The  following  numbers  exhibit  the  composition  of  dvtitero- 
albuniose  : 

t'arlx>n  50-81 

Hydrogen 6S3 

Nitrogen  17U 

Sulphur    H)7 

Oavgeu 2410 
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l>n>4nmmaM  Tt»*t  portion  of  the  mixed  albumoftes  which  is  va- 
■  difisolwot!  by  satiirated  sohitinn  of  NaCI,  as  well  as  by 
Aolutioos  coiilaiuiog  respoclivel^  1(1  and  5  per  ceoL  uf  salt,  is  treated 
with  w»t«T.  aiid  ^e  insoluble  matter  is  treated  -with  diliito  FTC! 
(O^S  per  ofiit,).  in  which  it  in  for  the  most  purt  soluble.  Tliu  sulution 
is  nilered  aud  ihu  flllrat^  ueulralised.  By  thix  trea.tmeut  a  cod- 
sidcruble  portion  of  the  substance  hus  bucomo  soluble  in  ^uC'l,  and 
has  iu  reality  been  converted  ioto  hetero-albutnose;  that  porliuD 
which  has  DOt  been  converted  iuto  this  substance  aud  which  bas 
been  precipitated  bv  neutndiKnLion,  is  thoroughly  washed  with 
w^ution  of  NaCI  antf  water,  and  then  extracted  with  alcohol  and 
ether. 

When  dy»-albumo8C  i?  dissolved  in  »odium  hydrate  containiag 
1  per  cent.,  on  Qeutralising,  it  is  found  to  have  beeu  almost  entirety 
converted  into  a  subataace  soluble  in  NaCl,  precipitable  from  it« 
NaCl  aolutioD  with  all  the  characters  of  hctcro-albumoae. 

Similarly,  when  pure  hetero-albumoae  is  precipitated  from  its 
aolutioDH  by  au  ttxcras  of  NaCI,  a  porliun  of  it  alway.s  appears  to  bo 
converted  into  a  body  identical  with  dya-albumose,  and  the  same 
chauge  occure  when  hetenfalbiimosc  is  long  preserved  under  alcohol, 
or  in  a  dry  condition. 

On  ultimate  or^eanic  analysis,  Ktlhne  and  Chittendon  found  dys- 
albiimose  to  have  the  following  coitipusition : 

Carbon  50-88 

Hydrogen 6*89 

Nitrogen   17'08 

Sulphur 1-28 

Oxygen 23'92 

From  the  facta  observed  by  them  relatiag*  to  the  conversion  of 
bet«ro-alb«mo8e  into  dys-albumose  and  the  converse,  Kfihne  and 
t^bittenden  draw  the  conchiidon  that  dys-albumose  in  but  hetero- 
aibuninse  which  his  been  converted  iuto  an  insoluble  modification 
through  the  agency  of  nential  salts. 

The  annexed  Utble  exhibits  the  mean  of  all  the  rMtllta  of  KUbne 
and  Cliitteiid'en'ti  analyiien  of  the  albumusca,  as  well  M  of  their 
det4.-nniDatioug  of  the  specific  rotatory  power  of  each. 

jinau^m't  Accortliiig  to  Neuinelater  the  Holuble  albunioses 
Tto«*  conoenu  should  be  divided  into  (1)  primary  albumotios  which 
ui(  ttM  alba-  include  proto-albumosc  and  hetero-albumose  aud  (2) 
™"""  Secondary  albumosus,  viz.,  so-called  hemi-deutero-albu- 

iDOse  aud  ampho^deutcro-albumose;  the  primary,  rcprejienting  a  Brat 
stagQ  of  hydration,  and  the  secondary  a  subscijuent  hydration. 

Secondary  nlbumosea  are,  according  to  Neunieister,  distinguished 
from  the  primary  by  the  following  reaclioos: — <I)  they  are  not 
piecipitttteo  by  nitric  acid  from  soltitiuns  which  are  free  from  saline 
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admixtures:  (2)  dui-  by  a  2  p«r  cent,  solutiou  of  copper  sulphate: 
(3)  nor  wboQ  tticir  neutral  solulione  are  saturated  witb  sodiuni 
chluride.  (4)  Phoaphn-molyMic  and  phoapho-tuu^tic  acids  pre'> 
cipitat©  the  primary  albumones  completely-  but  tbe  secondary  inoom- 
plelcly(r>  Acconling  to  Nenmeister,  lietero-albuniose  is  related  to 
itnti-  as  well  &a  to  the  hemi-  tnoioty  of  Ch«  pr<'>toiiI  molecule;  by  a 
Aabsequent  hydratiou  he  eiipposes  it  to  vicUl  an  ari)pho-dentero*albu- 
moae,  i.&,  &  deutcro-nlbumosc  in  whicn  both  hcmi-  and  anti-molo- 
calea  are  still  present  and  whicb  on  final  bydraliou  will  yield  both 
hemi-  nn<l  «n*i'-poptona'. 

a*Mifl»Uaii  The  reaeaix^ea  of  Kiibne  and  Chittenden,  of  Neu- 

«f  ^bumoMii  nrieiHter  and  othere,  have  sbewn  that,  corrpsponding  in 
th*ir  ortcin.  each  of  the  principnl  proteids  and  also  corresponding  to 
several  of  the  albuminoid  substnnces,  by  the  action  of 
hydrolytic  agents  and  especially  of  the  digestive  eusymi^s,  bodies 
can  be  obtunod  which  agrco  in  their  relations,  and  resemble  for 
the  moot  part  vvry  closely  both  in  pliynical  prupertica  and  chemical 
chamctuni,  the  albumuses  which  have  been  described.  Terms  have 
been  devifted  to  di'signate  these  bodies,  which  nerve  to  indicate 
cheir  origin.  Thun  Kiihtieand  Chittenden  have  described  glubutojtett*; 
Chittenden  and  Fainter  caaeoses";  Neunieister  vitelloses* ;  KUhne 
and  Chittenden  myosinoaes*;  Chittenden  and  Eiarb  elastoses* — these 
being  the  albumoitcs  corresponding  to  globulin,  casein,  vitcUin, 
rayoftin  and  elaatiu  res|)yetive!y.  Similarly  proto-  and  deuteru- 
albumosM  corrotipouding  to  the  several  bodies  have  reooired  the 
oamefi  of  pruLu-glubulutie,  deutero-glubulose,  proto-myoHinoKe,  deutMro- 
myoitioofle,  &c 

It  hu  been  suggested,  by  H&tlibuTton^  that  the  albiimoiW^  ooqjdatly, 
aboold  be  designated  prottoaw.  It  appairs  to  tfao  author  that  no  gronnd 
whatever  exists  fi>r  aading  a  fresh  ii&inc  t«>  the  cuiuberaonie  list  of  Ihoae 
almtly  «uggefit«d,  etpeeiaUy  as  tho  binu  proteose  is  non-«itigg«wtive  of  tlie 
ori^n  of  the  lwdi(!s  to  vhxtAi  it  is  deaired  to  apply  it,  aad  is  ««rtaiu  to 
miJettd:  iiuutmuch  aatlieOr«ek  numeml  adjaotivnt  having  served  ss  pre- 
fisss  U>  distinguish  tho  different  tdbiinioww,  tlit^  Kiiggt'^tnc)  t«rru  ]>rotoosc*  is 
Uksly  to  be  wsumed,  by  many,  to  rofer  to  the  proto-albumows,  a«  dis- 
taagoisbed  from  the  deul«ro  or  lieteru-atbumosoi,  rather  than  ss  diatingulsh- 
tng  the  albumosoi  from  tlia  truo  [wptoncs. 

'  Kountfstsr,  Zeitfchri/t  f«t  Itiol«gie,  Vol.  xtn,  p.  S7. 

*  KUuM  uid  ChltlfiDdcn.     ZeiUthrlfl  fllr  BioUffte.  Vol.  ssn.  p.  400. 
'  IL  II.  diilUnden  and  H.  M.  PaiulAr,  'CsMin  ssd  iu  (irimsry  ctimvitK*  prodooU.' 

fituJUi  Jram  rh<  iMlmraiiiry  of  rhyiioioffitat  Chemiitr)/  u/  Yal*  L'olUgt  (or  1)MA — 18M, 
p.  ItA. 

*  B.  Ncuiaeialcr,  '1.'cl>ci  VitclloMii.'     UtiUrhrift  fllr  Oiolosie,  Vol.  «juii.  p.  3. 
'  Xiihnewid  ClutUiDiJoi],  'Hroiui  imd  M^otinotcii.'     XeilKhrift  flir  HMogit,  Vol. 

Kiv.  (ItWO)  p.  SfiS. 

*  B.   a.  Ohiltuniun,   n.  A.  J.  Hsrt,    •  EIsiUd  and    Klutoaen.'    XeiMkrifi  Jir 
Biultmtt.  Vol.  UT.  (1889).  p.  S64. 

'  Ushibarton.  '  A  t«it  booh  of  OhnnJcsl  PhjRialotO'  sui  Pstbologj.'    Losden, 
IiODgmu  wd  Co.,  1H91. 
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Whatvvor  the  iutcrincdiiLti.-  products,  tbe  ultimate  products  trhicb 
result  from  the  acliou  of  easldc  juice,  uatural  or  artifieiiil,  are  bodies 
which,  an  litAtetl  previoiislj',  were  Hnit  dc»igaatoil  pcptDnes  by  Leh- 
manii.  We  have  pointed  out  that  Mtiasuer  diatiuguishwl  seTcral 
peptonea.  which  ditiKred  in  certain  reactions  one  from  auotlior.  UDtil 
lately,  the  chamctcriHtir  reaction  iipnn  which  geuerul  reliuuoe  was 
placed,  iu  deteriuinin^  whether  o,  body  was  a  true  peptoue  or  Dot, 
was  the  so-called  'biuret'  reaction,  i.e.  llie  production  of  a  ros«-red 
colour  with  u  uiiautc  quautity  of  solution  of  copper  sulphate,  foUcw«d 
by  a  vory  largt-  excess  of  sodium  or  potassium  hydrate. 

The  researches  of  KlUinc  have,  however,  revealed  the  fact  th*t 
tht!  biuret  reaction  in  not  disiiuclivc  of  the  true  peptones,  being 
shared  by  tho  albumoscs,  though  the  several  bodies  bcloogiDg  to  tbi« 
class  do  not  exhibit  the  reactiou  iu  an  equally  disliuct  manner,  the 
slightest  exccea  of  copper  leading  in  the  case  of  hotero-albumosc  to 
the  production  of  the  violet  colour  which  all  the  native  olbumiiut  and 
their  compounds  exhibit,  and  which  inaskti  the  rose  colouration  at 
firat  shewn.  Other  facts,  observed  chiefly  by  Kiihne  and  Chittenden, 
have  dentonstratod  that  &[eissncr'3  a  and  /3  peptones  cotisisteil  n{ 
ulbumuses. 

This  beiug  the  case,  tho  question  arises :  how  shall  we  distinguish 
the  bodies  to  be  tcriacd  true  peptones?  Although  the  distinction 
which,  following  the  cvamplo  of  KiUiuo  and  other  recent  writers  aod 
invcstigntoni  on  this  subject,  wo  ahall  tlraw  may  be  coutadercd  by 
aom«  arbitrary,  yet  it  appears  convyuiunt  and  Kitri'ect 

It  haa  been  found'  that  ainuionium  sulphate  added,  to  complete 
nnturation,  to  solutions  of  albuniimnis  substanceH  which  have  been 
6i'st  of  all  neutralised  and  then  rendered  very  faintly  acid  by  a 
trace  of  acetic  acid,  precipilAtes  all  proteulB  including  the  several 
albumoscs,  with  the  exceptton  merely  of  the  bodies  wUich  wc  ahall 
designate  as  peptones,  which  are  left  in  solution. 

Soinc^  appear  to  think  a  di^^tiitctiou,  bo&cd  upon  the  actiou  of  a 
single  reagent,  itrtilicial  and  uii philosophical,  aud,  indeed,  were  this 
the  case,  it  would  be  impossible  to  defend  it.  But  as  a  matt«r  of 
fact,  the  diittiiictiuu  doe^i  uot  rest  upon  the  action  of  a  single  reagent. 


'  J.  Wenz,  'tTeboi  dam  Vvrhivttcn  dor  lCiwi!iiiMtofl«  b«i  d«r  Dkratvcrdutiui^' 
Jif^iltehr.  (.  ISioloffif,  Vol.  xtti.  (ISAIi),  nee  p.  10.  Ho.vniiiia  bad  neommMkdod  UB- 
■Doniurn  inilplinta  •>  *  Rum-ntl  iiriicipiuat.  not  only  far  tlic  luUivH  Blbtunia*  and 
tli«iT  deriTHtivw.  but  for  pri>p«i)i'Uini<  mid  iNiptono.  It  would  uppw  trom  W«iu*i  ob' 
aervatious,  howoTitr,  thkt  Hcynniui  cnn  onl.v  hnvo  cKixritaented  with  ftlbumoMM  snd 
Itat  with  truio  peptoRos,  u  tbo  latter  were  fouud  not  to  bu  procjpiuted  b;  the  uuido- 
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It  is  fonml  ihat  the  proteid  tiifttt«r»  which  remain  after  precipita- 
tion with  Ammonium  sulphate,  and  to  which  it.  i.t  now  prnposcd  to 
restrict  the  cerm  peptones,  differ  from  all  other  bodiL-s,  even  from  the 
mcwt  cloAely  Tclatt^d  of  the  albumrwes,  by  the  most  imporlnnt  pro- 
perty which  they  present,  of  beiug  ubie  to  diffusL-  with  much  grewter 
rvMiDei^  through  nienibraucs,  and  especially  llirou^h  animal  mom- 
hrunes.  This  property  ia  obviously  of  the  highest  im[K)rtiuicc  from  n 
phyaioIoL'ical  Btaiid-pint,  but  it  is  no  lt?as  so  from  a  physicul  aud 
choiaical  point  of  vietv.  fur  it  catablinhcs,  a»  we  have  alrejidy  poinbofl 
out,  the  iact  that  the  tnie  peptones  are  boditjs  which  differ  from 
proteids  in  general,  and  from  the  albnmoses  in  particular,  in  possesj- 
ing  a  smaller  molecular  weight :— thai  they  are  certainly  pmdiictN  of 
deoomposition.  and  that  whether  it  be  due  or  false  that  the  changes 
brought  about  by  the  digestive  enzymes  are  of  the  nature  of  hydro- 
Ifftic  ducoinpuaitiuns,  they  a.ru  certainly  of  the  nature  of  decoiupoai- 
tioDS,  utidur  the  influence  of  which  the  giant  motecules  of  the  pruteids 
arc  resolved  into  molecules  so  much  snialler  that  they  arc  able  to  Bud 
their  way  through  the  iutemtices  of  the  tissues,  and  be  absorbwl.  The 
above  consideratiuui)  warrant  us,  tlicu,  in  entablishirkg  a  diijlinction 
between  peptones  and  those  bodieH  which  poNsesa  many  [Niints  of 
reseioblance  to  them. 

It  now  remains  for  \i%  to  consider  the  special  facts  with  which  we 
arc  acquainted  relating  to  the  mixed  peptones  which  result  from  the 
action  of  gastric  juice,  as  well  as  to  refer  to  the  history.  8o  far  aa  it  iit 
known  to  us,  of  the  individual  peptones.  To  the  mixed  peptones, 
hemlp(!plonc  and  uritipeptone.  Kufiiie  uud  Ohiltumk'n'  applied  the 
convenieut  term  ampko-psptone-,  which  designate))  its  dual  character. 
Modiiying  slightly  the  original  Hcheme  xuggcstett  by  KUhne*  the 
production  of  ampho-peptone  by  the  action  of  gastric  juice  upon 
proteids  is  shewn  as  follows: 

Proteid 
+  Fepain  +  acid  at  WC. 


Antt-albumoee 


Hemi-albumou 


Anti-p«ptoDe        Anti-peptone        Hcmi-peptone        Hemi-pbptone 

1 '—       —  ' T" ' 

Ampho-peptone 


'  RUhne,  •Vf^'iiav  MlulieUmiKcn,'  Ac.  p.  'j. 

'  *'  We  hftvu  ilvnignAtnl  lui  KiiipliD-|.iapUiii>-  ilic  i^iid  prodacl  of  lb>  diffMtlau  of 
■ifauiiia  hy  papain  uul  bcid."  '  Papton*,'  by  Vi.  Kiihnc  und  U.  H.  Cfaittcadtii.  SltiiUf 
in  IAi<  Lai»ntlorf  of  Pkyiteal  ChtmUlrg  of  Yiilr  r'nirmify,  Vol.  ti.  p.  IS, 
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It 


At 


ibU 


appt'OTB  (lesirubk-  ta  describe  in  tlic  fimt  instuiicv  the  roctbodt 
which  have  betu  employwi  iu  prepariti)f  tbu  mixed  peplones,  by 
several  iiivcHtigators  of  repute,  anil  then  th,o»e  tnoilitic&tinns  will  be 
poiutwl  out  iu  them  which  the  prcigreRS  of  research  has  suggested 

Heanlnxer's  HviiiuDg<.>r'  hnx  nioiJe  caroful  n*sMirc<he«  on  ths  p*|)(otieB 

nwtliMl  or  vr*-    olituinetl   by  the   pepcic   digestion   of  tibrin,  aJbuniin  and 
P******  P«P-         cEiM^in,  etiipbyiiig  thp  following  uuttiod  of  pr«pa,ru(ioa. 
**■*'■  Tlie  proteid  ftubsUiiice,  whose  |)eptunt.>  wiw  recjiiired,  w»« 

]>tirifii.'d  OS  complrti-ly  ti»  poiuible  and  was  \Men  digci«t«d  vith  five  timn  lu 
weight  of  H  sulutiou  icoutttitiiiig  03  p«r  ceul.  of  sutphunc  acid,  tog«tlicr 
wich  |H-])Nin,  ibv  teinpcmtuiY-  Im-iiig  iiiHiiiiiLitii^t  ac  atKiul  44''C.  Aher 
digMtiiiii  had  goau  on  fnr  xoigif  tiiiK-  an  iiddilioiiid  ([uaiitity  uf  dilute  add 
WBB  added,  Hiid  the  digostion  <»uliiiticil  for  three  or  four  days,  after  which 
the  Milpliuric  at^id  which  tlin  fluid  cuiitaiiied  waj*  exactly  precipitated  with 
bnriiim  hydi-itti^  and  th<!  filtr-itut  from  l»u-ium  milpliate  waa  oonconiraieal  to 
a  syrupy  consist^in;*  on  a  warm  hath. 

The  syi-apy  ii(|iiid  vw*  tirat  of  all  ti'eatefl  with  aloohol  coatoining  aoue 
water;  thi.t  p reel jiita ted  Hoitir-  peptone  iiiul  a  targe  proportioii  of  tbe  colouring 
matter  prr««nt.  The  fluid  vfoa  nf>w  pounyl,  in  a  thin  Mtreom,  Into  ah«olut« 
alcohol,  whcQ  the  jxiptone  Vfoa  precipitated ;  it  was  rediieolved  in  wmter, 
and  again  treated  with  alcohol  cniitainiog  water,  and  lastly  with  abaoliits 
ftlcohol,  by  wtiich  it  wa*  thrown  down  free  from  colour.  The  solid  was 
then  extracted  witii  pther. 

The   aiethod   eni|iioye(l  hy  tliin   oVuwrrer,  in  pnrpariug 

prptoii(.K  of  ngg-alltuniin',  appf^irs  to  posaeu  ccntidAtttU* 

merit. 

The  whiten  of  AO — RO  Iiard-lmiled  egga  were  reduced  to  a  Una  atate  of 
dWiKJon  and  llicti  ili^i^Rted,  dining  24 — .10  hourv,  in  a  j^hitton  containing 
1  per  cent,  of  phosphoric  acid ;  they  wore  theu  sL-parated  from  this  ftolutioa 
and  extracti-d  wi  ih  hot  water,  the  object  being  to  get  rid  as  much  as  ponihle 
of  earthy  tinlu  whieli  had  lieea  rendered  soluble  by  tbo  digeatiou  lu  acid. 
The  egg-alhuiuin  wan  then  placed  in  4  litres  of  a  solatJoa  coutamiug 
066  j»cr  cent,  of  II,PO,.  mid  to  this  +0  cc,  of  a  clear  dialysed  solution  of 
pepHin  was  added;  the  temperature  was  now  raiKed  to  iO'C  la  abont 
Ave  houn,  the  whole  of  the  albumin  had  diititoWed,  though  the  proceaa  wn« 
continued  for  many  hourn  uior'?.  The  liquid  was  now  heated  on  a  tand- 
bath,  and  freshly  precipitated,  well-waabed  I'bCO,  waa  added,  until  the 
cWr  yellow  liquid  had  a  perfi-'Ctly  neutral  reaction  to  litniua  paper,  and 
gBTO  ao  longer  thi-  n-nctJoiis  of  phuspiioric  ncid,  this  having  been  removed 
wPb  (POJ,.  The  solution  contained  a  small  quantity  of  lead,  but  so  little 
that  100  c.c,  of  aqueous  solution  of  aulphurette<^l  hydrogen  sufficed  to 
precipitate   it.     After   Kcjioratiug  the  load   in   thin  way,  the   lii|uid   waa 

■  HnnniDBsr,  ■  De  la  natun  et  dn  n^le  iili>*ioIUf{iiiiic  dea  peptonaa.*  Cot^Ut  JlnduM 
(I67e>.  Vol.  i.xixn.  p.  Uia  and  1464. 

*  Hnth,  '  Ucb«r  die  cbcmi»«hc  NatvT  dn  Psplvn*  uad  sein*  Vvthaltoiat  lun 
Biweiae  (aus  dom  Lab.  von  Prof.  Haly).'  Uoppo-Mylcr'*  ZtUMhrift  f.  phjfi.  Chemte, 
Vol.  I.  {1877J,  p.  377. 
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ouatx-ntrKt«4  on  iho  wuter-lxtth,  prucipitAtod  with,  and  afterwards  digvetod 
in,  Btroag  nlcohol,  sgatn  dinsolvi^d  iu  wftt«r  aud  re-pi«oipitated  witb  ulcoliol, 
th«  procow  being  repeated  three  times  in  8Ucce«sion. 

3^00  t^miuH  of  wnsbud,  but  not  boiled,  fibrin  ware 
digested  la  two  liliM  uf  n  Holution  of  bydrnohlorio  acid  cod- 
tAUiiiig  l)'4  per  cent  of  HCl,  with  whidi  liad  boon  mixed  « 
piirititHl  pi;)ti«ti]  ulitMiii-d  fixiiu  12^<)gram»  uf  inolnUnl  ruiioutui 
i)it?mtinLii«  of  th«-  fmidtiM  uf  the  etouiitcbs  of  two  pigx.  lliu 
mixtttPe  was  aIlovi-e<l  K>  retn&in  at  37" — 4W°C'.  for  a,  fort- 
iU);hb,  BO  u  to  eofiure  ua  coiuplet«ly  tia  possible  thv  uuiivvntion  uf  ulbuuiuiKis 
ii>to  ]iepton(^  At  tlm  imd  of  iIihI  Iiiik;  (ilU'ri-d  jjurtioins  of  tht?  Nuliition 
gave  only  sligbt  pracipitiktea  on  iiviitnilitiHttoii,  but  a  henvy  pi>'<-ipitate  was 
obtuoed  witJi  animoiiiuai  HiUpltHte,  with  budiutu  ubIoriUe,  with  nodiutn 
oblorifle  nscl  imttc  ncid,  Hud  siill  fnrtlirr  with  wxliiim  chloriilt^  nuil  nitric 
uicid  uid  witb  oietapliOMphuric  acid.  KwertboleEis  tbe  tiltrate  aatur'Ated 
with  aounODiom  bulpbate  contAiued  luucb  pepU>ue. 

In  onler  to  separate  and  ])un.fj  the  peptone  jirweat  In  tbe  liltr»t<i  tlie 
followiiig  procenWK  were  uarrlcd  out : — tliu  HUmtu  wiut  nmitmliMol  with 
Modinnt  hrdrxto,  filtered  throujfh  lin^n,  with  the  spwial  ohjocl  ol'  remonitg 
tbe  impuritit«  of  tJie  tibrin,  tiie  Ultrate  Klijjihtly  acidified  witii  acittio  acid, 
eoiitvnti-atiHl  lj>  alu^itt  4  litn^Ji,  precipitated  witli  nn  excM  of  Hnmioiiiiini 
•al|>h«t/i,  tilti-vn^d  Jtnd  pr<'»w>jl,  the  solution  hoilwl  with  banum  bydrat*,  «nd 
tinHlly  with  Itarium  ciirbonate  and  a  larj^c  quantity  of  water,  until  aiiinionia 
could  no  hiiiger  be  directed.  Tbe  barium  Milpbate  wan  ttieii  rvinorvd  by 
tiltration  thiviugh  hr\i\n  t>ftg*  which  were  repoHtodly  wanhcd  and  prctwed, 
ibt-  nwlutioti  eva]iora(ed  to  about  ilitreti,  the  iHiriuiii  |i«]>:otii9  dKcoii]|ioiwd 
with  a  very  Hligbt  oxceiH  of  milphuric  Mcid,  th«  uew  prtwipilntv  of  tiariitm 
Bnlphat«  filtcml  off,  the  luilution  cuiic*'jitrut^<d  to  'i  litnw,  tho  pui'e  acid 
ueumlbed  with  aiiinioniH  and,  after  cooling,  6  per  cent,  of  English 
sulphuric  acid,  jirevioiiKly  diluted,  was  adde<1.  Tlie  kulphui-ic  wid-jinptone 
■ointion  whh  th<^^n  preoipit«l<>d  with  a  largn  oxooks  of  phoxphci-tiinj^stii;  noid, 
tha  precipitate  washed  tirat  with  6  |ior  cent.  Bulpbiiric  acid  and  allerwardn 
with  ft  large  ()uantjty  of  water,  after  whidi  tlm  compound  woa  ilecornposed 
b^  mMoaof  oxems  of  barium  hydntte,  luid  tbe  exctwit  comploti'ly  n-movf^d 
aoxa  tile  filtrate,  by  adding  tulphiinc  acid.  The  pejttone  nnlutioii,  thuq 
obuinMl,  hwl  a  distinctly  acid  raaction  and,  strange  to  say,  contained 
liydrocblorii;  acid,  which  waa  hardly  to  be  expected  aft«r  (he  very  caitiful 
washing  which  the  precipitate  had  r«ocived. 

Tbe  BolutioD  van  neutralined  with  aiumouia,  tu  render  the  acid 
hannless  on  couceutratioQ.  Then  by  repeated  precipitation,  aikJ 
boDing,  witli  aloobol,  some  peptone  was  obtained,  which  waN  free 
from  ainmoDiuui  cbbmile. 

The  ppplono,  prcparH^  iu  tliis  way,  was  mu-st  ilifficnlt  to  obtain  lu 
u  dry  fltate,  tbougfi  it  was  ultimately  co»vert<Kl  into  a  fine  exceediiiyly 
hygmacopic  powiier,  by  long  lieatitig  in  iiicua,  at  105"C.  In  oriler 
to  etlect  tbe  diyin^,  the  alcoUol  was  first  ctUploccd  by  boiling  witb 
water. 


■  Knhttt  and  Chittcndun,  *  Tfcbor  di«  Ptqilonc'    Ztit*chrift  f,  Bioleg,  Vol.  nu. 
(18W).  p.  425. 
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DisHnguishing  Characters  of  Pcp(4mee. 


obmsur. 


Howcvur  ttifiTerent  the  proteidit  which  uru  employed 
iu  tlieir  preparation,  pepUines  all  [hj^hobs,  osseotiaUy. 
the  same  pliytticol  and  chemical  properties. 

Whtiri  fit'slily  precipitfitpil  am!  Tiioi.il,  p[ir«  puptones  art'  wliite. 
rescmbliug  freshly  precipitalud  caat-iu ;  if  tlio  yet  moiat  mass  bu 
lieatetl  to  between  Sii^  and  90*  C,  it  has  a  tendency  to  melt  into  a 
tat-like  iiiafts  wliicL  solidifies  oii  cooling  (Adamkicwicz  and  Hoff- 
mann). IVied  peptoQi?3  (ijD|jear  aa  brittle,  yellowish- white,  solids, 
eoIiiMv  in  any  prwportioii  in  caUi  or  hot  water,  aiiJ  irom  tlieir  fireat 
affinity  for  water,  higlily  hjjfruseupie.  Tlicy  an;  insoluble  in  ab- 
solute alcohol,  ill  other,  chloroform,  and  hydrocarbons:  they  digsolvc 
iu  a(|ueou»  alculiol,  acconliug  lo  the  aiiioimt  of  water  which  it  cou- 
taioi.  The-  aqueous  eolutionf!  of  peptones  have  a  neutnd  reaction 
rotiite  the  plane  of  polarization  to  the  left,  and  possess  a  higher 
diffiigive  power  than  other  soluble  protoitU;  to  tliis  chanwter,  atten- 
tion will  again  be  directed. 

Voa-pieclpt-  Wb^u  solutions  of  peptones  are  pure  they  are  aoi 

taUou  %y  ticBi  precipitated  whim  boiled,  nor  mi  the  addition  of  any 
ud nitric ftoui.  mineral  acid.  Adamkiewiez  has  a-werted  that  this 
stnteiiient  is  not  tnie  of  verj'  strong  aohitinns  of  peptones,  which,  he 
s&ya,  are  prccipitiited  by  heat  and  mineral  acids.  The  statenient  haa 
not,  however,  been  confirmed  by  the  very  carefiil  e.\amiDatiou  by 
Herth  of  albumin  peptone,  nor  does  it  agree  with  the  authors 
observattuniv  It  doubtless  rcst»  iipon  the  tiict.  that  Adainkicwicz 
worked  with  impure  peptones. 

Ho&tmdDl-  ''^'"  ^'1'"**'    characteristic   diflFerence,    according    to 

uUoiibyttMtic  authors,  betwcou  nolutions  of  peptones  and  all  other 
MUudforre-  proteid  bodies,  ia  found  iu  the  di^'oronce  of  behaviour 
oj**>^»  0*  to  acetic  acid  and  pota»i»iiini  ferrucyauide.     Every  pco- 

potonlUD.  (^g^j    jj^jijy  jjj   solution,  with    the  single  exception    of 

peptones,  im  precipitated  If  acetic  acid  be  iinrt  atmed  and  then  a 
aolwtion  of  potassium  fen'ocyanide. 

It  must  not  be  supposed  however  that  even  the  peptoues-are 
wholly  unacted  upon  by  these  roacetita,  for,  however  carefully  they 
mav  have  been  purified,  it  is  founathtit  the  addition  of  acetic  acid 
and  potaaeium  ferrocyanide,  though  at  first  without  effect  to  the 
solution,  which  reiiuiius  perfectly  clear,  ultimately  causes  Boroe  opa- 
lescence (Kuhne  and  Chittenden) ;  this  is,  however,  very  different 
from  the  abundant  precipitation  occasioned  by  the  name  reagcotK 
with  other  proteids. 

Neutral  and  boaic  lead  acetatos  only  produce  turbidity  when 
added  ta  solutions  of  peptones.  Sohition  or  copper  sulphate  (5  p.c.) 
does  not  affect  u  solution  of  ampho-peptoiiiL-s.  similarly,  according 
to  K-uhue,  aulutious  of  platinum  chtonde,  chromic  acid,  and  foiric 
chloride  are  without  action  upon  them. 
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EMtwu  Pepluoea   are   j>recipitat«d    by   the  fulluwiag  re- 

»Weii  pneipi-  Agents: — tRnnic  RCid,  mercuric  chloride,  mercuric  and 
tKUpfpMiM.  tnerfurous  nitrates,  Millou's  reagent,  ptitassio-merciiric 
iodide,  and  «BpeciatIy  in  li-ebly  acid  solutions  by  phospho-molybdic 
acid  and  phonpho-tungstic  acid.  TIu-sl*  tnu  n-ngenls  funiifili  xis  with 
Che  meonii  of  separaciojj  peptones  and  liavu  of  lale  been  much  em- 
ployed in  resCATcn. 

pTitfiaratimi  of  pho»pho-Utiig»tir  acid.  TbiH  reagi?iit,  wliitjli  is  of  »|HWtMl 
TaJno  i»  tK«  WHi-ch  fur  uiid  Adpiu'aci'iii)  of  the  iifpUinm,  iit  prvpjir^d  a» 
foUowB.  Commercial  iiiRKstatv  of  suda  is  disaolvcil  in  boiling  vrntf^i-  ami 
phosphoric  ociil  odcleil  to  thu  Noliition  untij  tb«  uiixtiirK  vxhiliiui  iin  ooi'l 
KoetiAu.  It  i«  Un'ii  allttwcd  to  oool,  rouderpJ  strongly  Acid  with  hydro- 
chloric  acid,  and  tiltci-cd  afttT  stnudtiig  for  twenty  four  hours  (Iluppert)'. 

Preparation  t^  pfiOlj>f4o-mo{i/bdic  acij.  Thin  i-pHgent  is  uiatle  by  digeiit- 
tag  mo»t  ntolyl>dio  trioxidu  with  aolution  of  |>boa|ihario  nciil.  With  k 
miidl  qtiHntity  of  the  ncid  ■  lemon -yvl low  nult  insolubiti  la  Wfttcr  la  formed. 
With  a  larger  projmrtioD  of  acid,  the  yellow  salt  diMolvea  on  the  application 
of  heat,  yielding  a  oolotirlewt  liquid  which,  on  evAporatioii,  Ii^avcm  u, 
t«aacioiui,  non-cryotullinc,  mtum,  very  soluble  in  wiiUrr  and  niculiol. 

The  action  of  Millon's  reagent  sorven,  ns  Kiibne  and  Chittcndou 
have  sbewQ,  to  distiugtilsh  ftmpbo-p^ptones  frocu  antipcptoao  {u 
obtained  by  the  action  of  trypsin  upon  fibrin).  When  added  to 
unpbo-pcptonas  the  rcofcnt  ut  Hist  throws  dowa  aa  abuudanc  white 
precipitate  which,  nn  being  wiimied,  iwnumeH  a  beautiful  red  colour. 
With  antipcptoQc,  it  gives  a  white  precipitate,  chaugtng  on  boating 
to  a  dirty  yellow  or  reddish  colour.  It  is  therefore  obvious,  that  the 
aottroe  of  the  red  reaction  with  aujpho- peptone  is  to  be  sought  for 
in  the  hemipeptoue  which  forms  a  moiety  of  the  ampho-peptouo.  To 
this  matter,  reference  will  ngain  be  made. 

Ootoitr     n-  1-     SoKition«  of  peptones  exhibit  when  boiled  with 

aottona  of  tb*     Millon's  solution  the  chararteristic  pruteid  reaction. 
■•P**""-  2.     Their  most  marked  reaction    is   the  so-called 

biuret  reaction'.  It  is  obtained  by  adding  to  a  solution  of  peptone, 
a  drop  or  two  of  a  weak  solution  of  copper  sulphate,  and  then  a  Urge 
excess  of  sodium  ur  pulasaiuui  hydrata.  when  a  fine,  moroor  leas  deep. 
rose  colour  lb  obtiuoed,  with  no  violet  tint.  If  the  quantity  of  copper 
atlded  is  in  excess,  then  a  violet  colour  in  produced. 

As  baa  already  been  stated,  the*  biuret  reaction  is  coinmou  to 
albumoscs  as  well  as  peptones,  though  not  given  with  equal  intensity 
byoU. 

PcptomtH  bIho  exhibit  the  othtr  colour  renotionn  of  ttolutionn  of  the  jiro- 
teids,  viz.  the  xaDtho-proteic  rwNuttoii  and  tlis  wxalletl  '  Adainkiewicz's 
■Taction.' 

Atlamkiewict't  Reactimu  Any  Holntion  of  a  jtroteid  or  of  a  peptone 
when  treated  tint  of  nil  with  glacial  aootic  acid  and  then  with  coiioeutr&t«d 

■  Quoted  by  t.  JMkaoh,  ■  CUuicftl  DiagoiMia,'  p.  319. 

*  &i>-«*U«d  bMwaM  it  in  klao  ohuined  in  «  Tcijr  fituUMtorUtie  muiaar  vfth  biarot, 
C^fSiO,,  a  boAy  obtolned  by  lh«  action  al  boat  on  on». 
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sulphuric  aciii,  iiC(|uire8  a  bi>aiitifiil  violet  colour,  becotnvs  wt«k!y  Qavresoeat 
and  L*xhit)iL«  ia  solutions,  nf  :<uiLa,ble  o:incriitratian,  nu  abiorption  spMt 
cliwaeteriKed    by  a  band,  iriiiiiUr  to  Uuit  of  ITrdbilin,  situatdd   boti 
Frauiitihori'r's  liu>^H  b  and  F. 

Tut*    or  th*  While  Oil!  uative  albumins  and  true  albumins 

peptoBti.  free  from  any  de6uitt;  taste,  peptonc-fl,  for  the  inoirt 

are  chai*acteriseil  by  an  iiit^uMuIy  bitter  tastv,  wliicli  is  particul 
obvioue  ID  milk  which  has  been  subjected  to  the  action  of  prot^oljtib 
ivrments,  even  for  a  short  time.  It  in  mnst  probable  that,  m  KUhtie 
fflggevtol,  the  bitter  taste  d<K-H  not  belong  to  the  peptones  tlienwelves 
but  to  bye  products  acaimpanyiiig  them,  a  surmise  which  is  almost 
proved  by  tnc  fact  that  peptones  may  be  obtained  which  are  free 
from  the  peculiar  bitter  tiiste,  and  that  a  secret  inethod  exista  em-' 
ployed  on  a  manufaotnring  lualo  (coinmuuicat:ed  confidentially  to  the" 
autlior)  whereby  the  bitter  taste  of  gastric  peptones  may  be  readily 
destroyed  without  apparently  otherwise  affecting  them  in  tui  appre- 
ciable manner. 

AmpliO'Pep-  ^^   ™^'*  shewn    by   the   observations   of  Schmidt^ 

toiwB  hnTe  do  Mtllheim'  and  of  Fnno*  that  when  a  .solution  of  do 
ajTtfaa  oa  tb«  Witto's  or  Grublur's  coiunicrcial  peplonea  was  injected 
oownUMon  of  imo  the  blo«d-veg«el8  of  dogs,  in  the  proportion  of 
tb«  Blooii.  Q..J  „rynjj(  „f  l\^^  commercial  p«ptone  per  kilo  of  the 

body  widght  of  llie  animal  e.x  peri  in  on  ted  upon,  the  blood  lost  its 
power  of  coagulating  for  a  pi-riod  of  some  hours. 

PoUitzer',  working  under  Kiihne's  direction,  shewed  howe\-er  that 
ueillier  pure  ninpho-jieptones,  nor  antipeptone  resulting  from  digestioOi 
with  trypsin,  posscMod  any  decided  power  of  influencing  the 
hitiun  uf  the  Iduud,  such  action  bt;inj;  due  to  hixlioa  belonging  to 
albumofitJ    class,   which   xvere    presi^ut    in    largo  quantities  togethc 
with  a mpho- peptone  in  the  commercial  peptones  of  Witt©  employed 
by  Sclimidl-Miilheim  and  by  Fano. 

It  has  been  stated,  that  ampho-peplone  give*  with 
Milton'a  reagL-nt  a  very  brilliant  red  colour,  whilst  anti- 
peptone,  when  boiled  with  the  same  reagent,  fumiahea 
a  yellow  preeipitate.  at  mo5t  tinged  with  nxl.  Since 
Miilon'B  reaction  for  proteids  correaponds  with  Hoff- 
mann's test  for  tyro-iin,  and  aince  its  production  with 
protpid.'*  probably  depends  iipnn  the  formation  of  tyrosin, 
Kliline  and  Chittenden  surmised  tbat  the  cleaTage 
products  of  ampho-peptoue  might  be  difierent  from  those  of  anti- 
peptone.  In  accordance  with  this  Bunnise.  they  found  thai  a  few 
hours'  digestion,  in  a  small  tube,  of  1  gramme  of  ampho-peptone  in 
10  C.C.  of  water  containing  025  |jor  cent,  of  Na^CO^  with  a  little 

>  Sohmidl-MUlboini, '  Zur  Ki^anlniH  dos  PapCone  uud  stinca  pb;iiioto(t.  IkdaoUiDK.' 
Aretiiv  f.  Amt.  u.  i'Aj,..  I'bru.  \blb.  IdSO,  88S— B6. 

'  F&no,  '!)»«  VvrlialUin  dvo  Pi-pl«n«  uoi Trjiilviib ^agun  BlulsadLjiapli*.'  JrrAJv 
/.  AnaX.  «.  /%-,  Pbj^  Ablh    1.S8I,  ^277-21)7. 

*  FoUlCzer.  S.,  'Un  Iho  Pliysiolugioftl  Aotion  of  Peptone*  ^nd  Albmno—  '  •Toafm.* 
Phffiobffif,  Vol.  vn.  p.  UHS. 
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thjnnol  anil  aoil  n  frngmont  of  purified  tr3i«in,  were  suflBcicnt  to 
cffL-ct,  tile  cleavage  of  ihu  pcpbme.  On  conwutratiog  the  neutralised 
solution,  and  boiling  the  residue  with  alcohol,  a  residue  was  obtained, 
in  which,  without  further  preparation,  balls  of  leiicia  and  ImtidlaH  of 
cryKtals  of  tyrosin  were  to  be  seen  under  the  raicroBCOpe.  from  the 
producta  of  amh  digestion,  it  was  easy  to  separate  tyroBin  in  a  state  of 

fHirity.  Further,  a  few  grams  of  tlic  same  preparation  were  heated 
orsuToral  days  with  six  tlinea  tht-ir  wt-ight  of  sulphuric  acid  (2  parts 
acid  auci  3  of  water)  and  after  reiuoviiijj  the  acid  witli  barium 
hydrate,  tyro&in  and  loucin  wuro  found  among  the  decomposition 
productiL 

From  antipoptonc,  subjected  to  the  action  of  acid,  on  the  other 
hand,  whiUt  Icucin  was  constantly,  tyro-sio  watt  only  occosiouullv 
obtained,  and,  then,  in  such  traces  aa  to  be  refoiablc  to  accidontal 
impurity  of  thu  aotipeptnne  used. 

It  is  impossible,  by  uny  proceiai  m  yet  IcDown  to 
us,  to  prt'paic!  fr«ra  am pho- peptone,  or  from  tta  autcce- 
Hent>,  a  perfectly  puru  hemi]wptone,  uiicont^LmiDated 
by  autipeptoiie.  Ou  the  other  hand,  in  ounst»)uunci.- 
of  the  destnictibility  of  hemipeptono  on  diyL-Htiuii  with 
tiypitin,  autipoptoue  {tn/ptouei)  can  be  obtained  from  anipho-pcptone 
liDConumiuateu  by  hemipeptone.  A  fuller  description  of  antipep* 
tooe  will  be  given  under  the  pancreatic  enzymes. 

mirucnHUtr  Fuuke*    pointed    out    tlmt    pc-ptont-tt    in    aqueeue 

o(  u*  p«p-  solution  pass  through  filler  papur,  und  diffwBo  through 
**•■■  aoimal  mcmbrancB  and  through  parchment-paper,  with 

much  greater  facility  than  other  urotetds.  Thu  conniilerahle  difriLii- 
bility  throueh  thin  animal  mernDtanes  is  undoubted,  aod  oontr.k->ts 
with  that  iif  other  proteids:  through  gDod  parchment-paper,  though 
the  ditfusiou  of  pcptouee  is  much  greater  than  that  of  other  proti-ids, 
it  is  absolutely  very  small,  so  that  dialysis  is  employed  with  great 
advantage  in  freeing  solutions  of  peptones  from  salts,  but  not  to 
aeparate  peptones  from  other  colloidal  bodies,  as,  for  instance,  from 
pepsin.  The  very  sparing  diffiisibility  of  peptones  through  parch- 
ment-paper was  hrMt  dniwu  atl(;iitiou  to  by  v,  Wittich*,  and  after- 
wards confirmed  by  Maly,  Uerth,  and  many  utheru. 


mpuKtum  et 
pv*Baiilpai>> 

ton*  and  ABU* 


Chmnicat  Compontion  of  the  p€pU>n»$, 
The  researches  of  Maly\   Herth*  and    Heiiningor*,  cetahltshod 

■  Funks.  t^hriKeh  d.  Ptiynnl..  Vol.  i.  fi  Aufl.  p.  JOH. 

*  (.  Wiltiob,  -tjffbfir  di»  DSRiiMlikliUlt  ibu-  rqnU>[M.'  HrrL  klin.  WcrTirmthTift. 
Ifm.  N-  97-  At«<nwt«l  in  Maly'a  Jahr^ArHflit,  Vol.  il  p.  IB.  8m  nbo  Hiiramnn** 
Uawtlmek,  Dd.  i.  3.  Th.  8.  990. 

*  Ualr.  'UtJicr  diu  ebeoiUoho  ZnMDMWiiwiwm  ond  ph^nioloRiwha  BodvattuiK 
dv  raptoiM!.'     mig*r'>i  Arrhir,  Vol.  ix.  (Uffl),  p.  S«<. 

*  Hortli,  ■  Uclwi  (lie  otMUiiMlM  Hktnr  im  FtMon*  tind  win  V«rhiiltiiiM  xu&i 
IfviiM.'  (Aiu  aetn  Lah.  v.  Prof.  Hal;.}  Honw-Njlvr'i  Xeiltchri/t,  Vol.  i.  (1877), 
p.  ST7. 

*  Hi'ctnliicet,  Dr  ta  rnilarntilii  rflr ptiytiola^ifii*  lirt  peftatia.    Puis,  le/lB. 
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that  peptones  do  not,  on  itltimate  urgauic  analvsis,  differ  in  composi- 
tion from  the  proteids  which  have  yielded  them,  auy  differences 
which  exi^t  iu  eheiuicul  compositioi)  falliag  within  the  limits  of 
oxpi:;riaiviiLal  error. 

Thf  following  uble  exhibits  the  rcsulus  of  ulllmale  organic 
analyses  of  fibrin  and  fibrin  peptone,  and  of  egg-albumin  and 
egg-albuinia  peptone. 


Plbrln. 

Fibrin-poptono. 

Albnntiii. 

Ubniuiu  >  ptpuma. 

1. 

2. 

, 
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Tbc  observations  of  Maly  and  of  Herth  suem  also  to  shew  that 
the  pepLuiie  ])r>jduc(;d  during  the  digestiun  of  fibrin  or  of  albfimin  ia, 
iu  BD  far  as  ultimate  aiialysie  c&n  dt^ttriniue  the  matter,  one  body; 
analvMM)  of  succussivcty  precipitutt-d  fractions  giving  identical  results. 

It  must,  however,  be  bonie  in  mind  thnt,  in  the  ca.se  of  bodies  of 
ao  large  nioleculai'  wtight  as  the  ptoteide  mid  the  peptont»,  identity 
in  the  rei^iilcs  of  their  analysiK  is  not  s\if%ciont  to  prove  abeolut« 
identity  iu  composition. 

Div»rB«iit  Ktihno  and  Chittenden  have  m&dc  a  large  number 

rsetuu  obtain-  of  aimlyat;^  of  vurioUM  saniplex  of  ampliu-pi^ptone,  as 
ed  by  Kiiimt  well  as  of  aiitiptptone,  but  the  results  were  marked  by 
aadObittctidea.  ^  rumarkablt?  and  xiiNpicitius  departure  from  uniformitv. 
So  great  are  the  discre])ancie);  that  it  is  impossible  to  conceive  that 
the  ijub^tanccA  designated  by  the  same  name  were  the  same. 

It  appears  to  the  author  that  in  their  attempts  to  purify  and 
completely  dry  the  peptones,  these  eminent  investigaturB,  Hciopt<4l 
methods  which,  in  all  prnhabili^,  profoundly  modified  the  unstable 
Bubatonces  subjected  to  Iheni.  The  decomposition  of  the  barium  and 
phospbo-tuugii^tic  acid  compounds  with  sutphunc  acid,  and  the  heroic 
tnethods  employed  to  dry  the  bodies  submitted  to  analysis,  could 
Bcareely  be  expected  ultimately  to  furnish  products  of  which  tlic 
anAlysej  woiilil  be  cuncurdant  umung  themselves,  or  which  would 
exhibit  any  detiuite  rL>laliou>>Uip  will)  tlie  mother  substances  from 
which  they  had  been  prepared. 

Subjoined  lire  the  mennH  of  a  large  number  of  analyses  of  three 
samples  of  ampho-peptone,  A.  B.  b,  as  well  as  the  means  of  many 
noalyses  of  autipeptones. 
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The   Itelations  of  Peptones  to  the  ProteitU  from  uihich  then  art 

derived. 

The  facts,  firstly,  that  peptones  have  approximately  the  itame 
composition  as  th.e  pmtcids  which  give  rise  to  them  ;  secondly,  that 
peptones  are  reconverted  in  the  organism  with  the  greatest  readi- 
nesb  into  other  albuminous  bodies,  render  it  wdl-nign  certain  that 
the  change  which  th^j  prutciJ  molecult!  undergoe;^  in  passing  fruui 
the  cunditiun  of  a  native  albumin  to  tbnt  of  a  peptone  is  but  a  vcr}- 
slight  one.  It  has  been  aurmist'd  (Hoppe-Scjlcr')  thai  peptones 
are  bydratioo  products  of  their  respective  proteids,  which  are  their 
anhydridps.  This  view  is  borne  nut  by  the  fact  that  peptone» 
may  hv  produced  not  only  by  the  action  of  the  enzymes  of  the 
alimentary  canal  (which  by  analogy  with  the  action  of  ptyalin  and 
diastase  on  starch  are  undoubtedly  hydrolytic),  but  by  otiior  hydro- 
lytic  agencies,  as  by  the  octlou  uf  suuerhL-ated  water,  or  stt^nni.  aud 
by  the  prolonged  nction  of  dilute  acids  and  alkalies,  and  of  putrefac- 
tion. In  this  case,  as  in  many  others,  the  hydration  priKiuct  is 
characterized  by  a  greater  facility  of  entering  into  combination  with 
acids  and  hoses. 

The  view  tliat  pflptones  are  proiiicU  of  hydration  ia  supported  by  tli» 
two  following  *i-\=k  of  <^x  j>min<Mita]  facti. 

1.  Hcnuinf^pr  hratcd  10  ptirtu  (if  fibnn-[>cptoii'r  vritli  25  pnrtB  of 
acetic  anhydride  acid  for  ait  hour ;  the  acid  wan  diiitilEed  olf  and  iJte  residu>e 
was  ti-cfited  -w-ith  hot  wator,  which  dis*olv«d  a  grmt  part  Th«  w«t«ry 
Bolulioii  was  dialysed,  when  there  rciuained  in  thft  dialyser,  a  Dolntion 
which  citagidaUtd  nn  boiling,  on  th»  addition  of  nitric  ncid,  and  when 
troaUid  with  potastnuin  f<-rrO(-ynnid«'. 

2.  Hcnnin^LT  and  HofniPiHtcr'  have  hy  merely  heating  popcane  to  HO* 
obtainml  a  IxMly  which  when  di^salv^d  In  water  ^lofweiuied  the  charactoni 
of  a  native  al  buinin  rather  tlum  ni  a.  \n^\iiat\e. 

Whether  the  change  which  an  albuminous  body  undei^oes  in 
being  converted  into  a  peptone  ts  accompanied  by  hydration  or  not, 
there  can  he  little  if  any  donbt  that  it  i-t  a  change  in  which  a  com- 
plex niolccuto  is  broken  up  into  smaller  molecules,  and  Lhi^^  surmiec 
18  supported  by  the  greater  diffusibility  of  peptones  as  compared  with 
proteids. 


The   Actios   or   thb   Gastric   Juice   upox   tub   so-called 
■' ALBfMiNoiD"  Bodies. 

There  is  a  group  of  bodies,  which  have  been  described  In  con- 
nexion with  the  chemistry  of  the  tissues  of  tlic  auimni  body,  which 
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have  a  close  geaeck  relaltonsbip  tu  the  albuminttus  bodies  prop*?r, 
ami  which  are,  thcrerorc,  often  referred  to  as  alfntminoid  oodiei : 
tliese  are  co))sg«u  and  gflatiii,  choiidrin  (0,  miiciii,  elnatin,  kerutiii. 
We  hare  now  lu  examiou  the  action  of  peptic  digesliuu  upon  those 
bodies. 

1.     fh'gestion   of  Collagen   and   Gefatin. 

By  the  action  of  pvpaiu  anil  dilute  hydrochloric  acid,  collagen 
{at  lu  L-onnective  tissue  and  in  boae)  is  converted  into  gelatin  more 
rapidly  than  lit  thit  case  when  it  ia  merely  subjected  to  the  action 
of  dilute  acids.  Uelaciu  U  acted  upon  by  pepsin  nnd  hjdrochloria 
add.  It  sUiwly  luxes  the  property  of  separating  from  its  solutions 
in  the  form  of  a  jelly,  and  its  specific  laevo-rotatory  power  slightly 
diminishes'. 

According  to  Etcingcr'  thn  artifieinl  digestion  tnurt  be  continued  for 
48  boiin  ia  order  to  deprive  gelatin  of  the  property  of  gelatinidug. 

Utiblouum',  however,  oliwrrml  tliat  in  lua  tttoiuacli  of  a  Wy  witli  gastric 
llatula  gelatin  wan  wi  alu-i't^l  in  the  cotirvo  r>l  an  hour  a*  to  bi-  deprived  i>f 
lb*  power  uf  geUtiiiiziuK,  vrhiUt  bo  foand  that  witli  artificial  gaittric  juice 
digMtion  bad  to  be  i:uiiiinitt;d  for  from  18  to  '2i  boura  lo  proaluco  the  same 
elTiBct. 

Ah  the  ultimate  product  uf  the  action  of  pepmn  and  hydrochloric 
add  on  gelatin,  there  iu  produced  a  gelatin-peptone,  or  perhaps 
gelatin-peptonea,  which  have  yet  to  be  subjected  to  thorough  iii- 
vevtigatjon.  Aectirding  t<>  Tatarinoflf,  gelatin -peptone  has  an  add 
reaction,  decompoaes  carbonates,  and  forms  compounds  with  the 
alkaline  eanbs,  which  ha\'e  an  nlkulinc  reaction.  Its  solutions  are 
said  not  to  differ  materially  tu  ibcir  chemical  rcactioua  from  solutions 
of  gelatin*. 


2.     DigetHoti  of  Chondriffen  and  Choiuirin*. 

Ch<>ndrigcD  and  chondrin  arc  dissolved  and  digested  somewhat 
more  ulowly  than  collageu  and  gelatin,  wiih  the  torination  first  of 
acid-albumin,  and  then  of  peptone,  in  addition  to  a  body  which 
radnoea  cupric  oxide  in  alkaline  nolution*. 

'  J.  itt  Barjr,  '  t)%cmichnner-n  tibci  Lcinuilatle.'  Hoppc-Bajl*r'a  Untmiiekwtgtti, 
IltA  L  (lAM),  p.  70. 

**Etdni[ar,  'Uabcr  die  Vcrdauiidikdt  der  Idingebadeii  Uembo.'  Ztiltekr. /. 
fliul..  Vol.  1.  p.  M. 

*  DStlmann,  '  UntoniMbtinMn  an  taBoiii  ftattrotooairWii  fieb*nid«a  Knabctt.' 
ArehtT  /.  tliH.  ilfd..  Vol.  xx.  p,  m. 

*  Taisrinofl,  ■  Zur  KranmitiK  der  GIiitiiiv«rdDiiuii|{.'  Crntralhlact /.  d.  mtd.  H'(M«if 
K4u/t  IL4TT,  No.  IS).     Hft]}'tt  Jnhttthrriekt.  Vol  tii.  J).  2TT. 

'  Tbe  intoniiatloD  mivni  ntxlei  ibiii  head  b  obiamed  enllrely  boia  lIoppe.8«jkr. 
I'AyMoJojr.  CAnat«,  p.  234. 

*  8«*  Vol.  t.  p.  tro,  '  ProducU  ol  Dco»mt>oBiiioii  of  Cbondrin.' 
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S.    Digestion  of  Mucin. 

We  poiwess  few  oliservatiuns  on  tli*  digestion  of  Mucin. 

By  prolonged  boiling  of  il  f^eblj  alkHlin(>  solution  of  mitcin,  Eichwalj 
obUiint^ii  u  hwly  whicli  Iiti  JtsuwiuiiitttcJ  mticin-peytont,  which  potteas^ 
eucntiuUf  the  ctinractcn)  uf  tbe  i^fjilaiicui  of  tlie  albuiaiaotu  aubstas«« 
proper. 

According  to  KUhue  anil  Scliiff  it  is  not  attacked  by  the  con- 
sUtu«Qts  of  the  eaatric  juice.  It  wmild  nevertheless  appear  probable 
that  by  the  prolonged  uctiun  of  pepsiu  and  hydrochloric  acid,  mucin 
undergoes  some  decomposition.  The  subject  rccpiires  investigating 
anew. 

4.     Digest  ion  of  Elastin. 

Etringpr'  shewed  that  elastiu  when  subjected  to  diffeAttOD  for 
several  days  with  pepsin  and  hydrochloric  acid  is  dissolved.  The 
Author  finals  that  the  solution  of  ela«liu,  purified  as  perfectly  u 
possible,  is  complete. 

Horbaczetvski*  aud  Mornchowetz'  studied  the  products  obtained 
by  the  action  of  artificial  gastric  juico  upon  elastiu,  the  former 
observer  extending  his  obscrvationx  by  studying  the  action  of 
human  gaatric  juice,  the  product  of  a  gastric  tiatula,  upon  that 
substance, 

Horbacjiewski  described  two  products  of  the  action  of  arlifici*! 
gastric  juice  upon  elastiu,  to  wliic-h  he  gave  the  name  of  hemi- 
elastio  and  elastin-peptone. 

Chittenden  and  Hart*  have  made  a  still  mure  elaborate  ioTestt*  ^ 
gatiou  which  has  ted  them  to  the  coDclusion  that,  under  the  ia- ■ 
fluencc   of    uepsin    and    hydrochloric    acid,    there   are    formed    two™ 
bodiea,  both  belonging  to  the  class  of  albumoaes,  and  not  to  that  of 
true   peptones,  inasmuch  as    they  are    prccipitable    by  ammonium 
sulphate.     To  the  lirnt  of  theee  bodies,  whicli  correspoods  to  Hor- 
baczewski's  hemi-elaatin,  they  give  the   name  proto-elastose ;   this 
body  is    precipitated   by  XaCl.     Tu    the   second,  corresponding   tu 
Horbaczewski's    ela«tin -peptone,    they   assign    the    name    deutero- 
elastone.     Both  these  bodies  exhibit  the  biuret  reaction. 

The  ultimate  analyses  of  proto-elaatose  do  not  differ  materially 
from  those  of  the  ela.siin  which  yielded  it.  On  the  other  hand,  tliQ 
results  of  the  analyses  of  elaatiu  and  deutero-clastosv  ore  not  so 
conoonJant.  These  analyses  do  not,  however,  throw  auy  special 
light  upon  the  relatione  between  the  bodies. 

*■  Etiinet^r,  l"t.  eil. 

*  HorbMcemhi.  '  Ueber  J&x  V«Th&lt«n  At-t   Kimtiti*   bci  ikr  Pcfaiuvi-rikimiig,' 
ZtitKhrifi  f. phyiiol.  Cheniif,  Vol.  I'l.  p.  330, 

*  Murudiowaix, '  Vcnluutiiiutftt-iu-Ue.'     Mul.v't  Jnhrftbrrieht  <1WS),  p.  JTl. 

*  H.  H.  (Jbit1«iidFi]  and  A.  R.  Hurt,  '  Eliulin  uml  EtuhMvn.'    Zttttettriftf.  Biofau. 
Tol.  JIT.  11888),  p.  366. 
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6.    Action  of  Pepsin  and  Ilifdroddoric  Add  on  Keratin  and 

Chititi. 

The  keratin-  and  clittin-yisldiDg  structures  are  not  attacked  by 
pepsin  and  hydrochloric  acid. 


I 


6.    Action  of  Pepsin  and  Ht/drockloric  Acid  on  Oxy- 
haetrnffflMn. 


Ox/-baemogIohiu  is  rapidly  decomposed  by  natiinil  or  artilicial 
gastric  juice,  with  the  formation,  on  the  one  hand,  of  albumoses 
and  peploue,  and  oq  the  other  of  haematin  which  undergoes  do 
further  decomposition'. 


The     MlLK-CURDLINQ  ESZTME 
OP  TOE  ST0H.\CB. 


(or   Kennet-Enztjib) 


(Syn.  Rennin,  Lea,  ITouter,     Chymosin,  Deftchamps.) 

It  had  long  boca  known  tlutt  the  mucoua  membrane  of  the 
fourth  or  true  stomach  of  the  cu.lf  posaeMes  the  property  of  ciinlling 
milk,  and  various  prepaiationit  of  this  raucoiiH  membrane  have,  under 
the  name  of  '  rennet,'  been  employed  to  coagulate  casein  in  the 
maoufacture  of  cheeae.  U  has  also  long  been  known  that  the 
gastric  juice,  when  added  to  milk,  citrdleH  it;  this  action  has  been 
ascribed,  by  some,  to  the  pepsin,  and,  by  others,  with  greater  justice, 
to  the  free  acid  which  it  coutainit. 

It  was,  however,  shewn,  first  of  all  by  Hcintz*,  that  the  mucous 
membrane  of  the  Htomach  possesses  the  property  of  curdling  milk 
when  the  reaction  is  neutral,  and  even  alkaline.  The  recent  re 
Karcbi>s  of  Hammarsten*  havL-  ilcnionstrated  that  the  milk-curdling 
property  depends  upon  the  presence  of  an  enzyme  of  which  the 
K   zymogeu  is  present  in  the  gastric  mucous  membrane. 

U 


.  PhifiuUig,  i'tuimt.  i>.  333. 
I  W.  fi^lnu,  *  UulMf  ille  CrHuh*  dor  Caagalilion  iat  MiIali»Aii«in<  duivh  Lftb  nnd 
dia  MgeoantiM  amjiboturu  Hcuctlou.'  Joan.  /.  prakt.  Clirmit,  Nuuu  Ful^«. 
n.  p.  «74. 
*  HamiDsntaD,  '  Vabur  di«  MilaliK^'»iiing  unil  ili«  dt.\n:>  wirkondcii  Fermenta  dtt 
ShCfuchbinilutaU.'  Maly'i  Jahmhrrichi.  Vol.  ti.  (Wi).  p.  UH.  '  IVIicr  dtn  ohr> 
laiichiM  Vctlftof  b«i  doc  Uciinniitti;  dun  Cftxiu*  mil  Lab.'  MiUy's  Jthrt*b<riQki,  Vq], 
fr.  (1874),  p.  )S£.  '  Zar  Kiitinlniflfl  iW  CaH»ni  uud  dvr  VVirkunK  dot  Lalircrm^ntii,' 
UpMU,  1HT7,  snd  Unly'a  .lahrfihfruhl.  Vol.  ill.  (1*477),  p.  IAS.  the  nnieli»  ia  it^lj'm 
Jnhrriifrrela  mi«  bv  M4inniUHl«n  hirtiwlf.  and  irivp  a  verr  full  tecuunl  [>r  iho  ont^nal 
Uvtdisli  (wpen.    the  third  paper  «u  pubUahed  in  txitiw  >n  U«nQui. 
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One  of  the  most  iDtercsting  (acts  connected  with 
the  conipositiou  of  the  gastric  juice  of  man,  and  which 
dc8cn.'es  to  be  byoiight  into  much  greater  proininenee 
thuQ  hiu  bueii  usual,  is  thai  m  the  adult  humao  subject 
in  a  ettite  of  h&alth  the  rennt^t  fomient  h  never  absent 
ill  the  phjsiolngical  condition.  It  in  ouly  iu  cauoet. 
in  atrophy  of  the  nmctjus  luenihrane  of  the  stomach,  and  iii 
chrouic  j^tric  catarrh,  thai  it  lias  been  found  absent. 

The  mncoiw  membrane  of  the  stomach  of  the  calf 
and  of  the  sheep  alwaya  eoutaina  riadf/'/ormed  milk- 
curtUiug  ferment,  which  can  be  extracted  from  it  by 
the  action  of  water  and  other  solvents  to  be  men- 
tioned her-eafter;  moat  froqueutl}-  none  cau  be  m- 
troctcd  by  water  from  the  mucous  mcmbraoe  of  the 
stomach  i)f  othrr  matiimaU  or  of  birda,  and  k  ii 
scarcely  ever  present  in  that  of  fishes. 

Although  the  free  ferinenl  removeable  by  water  is  rarely  found. 
Hamriiarsten  has  siiown  that  the  ga.stric  mucoia  membvtine  of  eii 
animals  in  ivMch  it  has  been  investigated,  mthout  eaxeptioti,  cortiains 
a  htjdij  which  is  not  the  milk-ciii'dliiio  fet-Rieitl,  but  its  ajptwgea:  from 
this  the  Viilk-cardiing  ferment  is  (fitcklg  iiheruted  on  tJie  addition  o/' 
an  acid. 


The    nUUt- 

ranDC    A    eoB- 

■tuit  Inpredl- 
«nt  ot  BumuL 
Outrla  JulM. 


Tlu  mUk- 

iriB«  or  lU 

■M«  in  tHa 
imattia  mn- 
ooiu  iBcm- 
briui*  of  c«r- 
tAla  talmali. 


■t***!'™-  Hammaraten  has  found  that  the  mucous  membrane 

raiut-«Jd*  "^^  ^^*  fundus  is  very  much  richer  in  the  luilk-curdling 
iihr  enirma  fcrmcut  uud  its  ityinogen  than  that  of  the  pylorus.  So 
lE  ttio  mucoiu  far  as  experimental  have  been  made,  vaiiatmns  in  the 
mwabrwioor  amount  of  rennet  fcrmeul  (including  reonet-zymogea), 
ui«  iionjacU-  jjj  jjjy  gaj^nc  muctms  membrane,  run  paraJlel  with 
variations  in  the  amonnt  of  pepsin  {including  pepsinogeu).  Probably 
rennet'zymogen,  like  pepsinogen,  takes  it9  origin  in  the  granules  oi 
the  chief  cells. 


purlag  aa  ao- 

UV«  KklUUOtt  of 

and  of  obaarv- 
Uig  Its  ftcllao. 


Although  the  mucous  mcmhranc  of  the  stomach  of 
the  calf  and  of  the  sheep  always  yields  to  water  haWog 
a  neutral  reactiou  a  sufficient  qnwitity  of  milk-curdling 
feriaeiit  to  d<-*inoiiKtrate  it^  peculiar  properties,  tnuch 
more  powerfulty-aoting  solutions  are  obtained  by  the 
aid  of  ililiite  acids,  as  follows:— -The  mucous  membrane 
of  the  stomach,  preferably  of  a  calf,  is  digested  for  24  hours,  at  ordi- 
uan-  temperatures,  in  ISO — 200  c.c.  of  very  dihite  hydroehlorie 
acid,  containing  from  0-1  to  0-2  per  cent  of  HCl.  The  liouid  is 
then  filtered  and  carefully  neutralized.  Twenty-five  c.c  of  fresh  millc 
are  then  heated  to  SH"  C,  and  treated  with  I  c.c.  of  the  oeatralixed 
liquid.  Curdhug  is  induced  within  a  period  of  two  minutes  ;  this 
occurs  even  if  the  niillc  have  been  rendered  faintly  alkaline  by  caustic 
soda;   the   alkaline  leaction  persistti  alter  curdling.     A  glycerin- 
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exlract  of  the  stomach  of  the  calf  may  be  used,  as  HamiuarsU-i)  first 
shewed,  instead  of  the  solution  prepared  aa  stated  above ;  sucli  a 
glycerin -extmcL  con  be  preserved  permanently,  and  i»  very  active. 
Ki'leomeyer '  h&»  ehewu  tliat  a  saturated  aqueous  solution  of  salicylic 
acid  extracts  the  inilk-cunlUng  fenaeiit,  very  perfectly,  from  the 
stomach  of  the  calf;  from  thia  sulutiuu,  the  ferment,  mixed  with  other 
matters,  can  beprecipitnted  by  alcohol.  The  precipitate  thus  obtained 
ia  soluble  ID  great  part,  in  water,  and  the  HoltitiDn  i«  active. 

Hammaratou  separated  the  formont  free  from  pepsin 
by  the  fractional  precipitation  of  a  rtolution  oonbainiag 
both  eiiKymea.  with  lead  acetate.     He  first  propax«d  a 
HCl  infuKion  of  the  gnstric  niiicmut  memhram-  by  the 
""■  aid  of  dlEute  HCl,  anti  this  infusiitu  he  aeiitmlised  by 

repeatedly  shaking  it  with  magnesiiini  carbonate  ;  he  then  aililcd,  to 
the  ueutralihed  solution,  enough  lend  actttate  to  precipitate  the  whole 
of  the  pepain  aa  completely  aa  possible,  so  that  wlien  the  liltrate 
was  actaulated  and  digested  for  24  hotim  with  a  flake  of  Bbrin 
it  was  not  |jerceptibly  dissolved.  To  the  liquid  from  which  pepaiD 
had  been  precipitated  there  was  added  more  acetate  of  lead  and  a 
tittle  solution  of  auimouio.  The  precipitate  thu««  obtbiuod  was  de- 
composed with  highlv  dilutcil  sulphuric  acid.  Thus  the  milk-curdliDg 
foment  which  had  Wen  precipitated  bv  the  second  additioa  of  lead 
aceta(«  was  set  free.  From  the  acid  solution,  the  fermont  was 
obtained,  by  a  modification  of  the  cholosterin -process  employed  by 
Brllcke  for  the  separation  of  pepsin. 

A  solution  of  the  pure  milk-curdling  ferment,  pre- 
pared ait  describeil  above,  posseraes  the  f()llowin^  reac- 
tions:—it  does  not  give  the  xantho-proteic  reaction;  it 
in  not  coagulated  by  beat;  it  is  not  precipitated  by 
alcohol,  nitric  acid,  tannin,  iodiuc,  aor  by  sugar  of  lead, 
but  by  basic  lead  acetate. 

The  milk-curdliQg  ferment  is  not  diffiuiblo ;  it  docs  not  pass 
tlimugh  porous  earthenware  uidess  the  pressure  be  very  high. 

1.  Alcuhol  slowly  destroys  the  activity  of  the  fer- 
ment, the  rapidity  of  the  action  being  influenced  by  the 
quanlitv  of  alcohol. 

2.  t'ixed  cttuatic  alkalies  have  a  powerfully  destrue- 
tive  action.  If  a  solution  rich  in  ferment  contains  aa 
much  caiiHtic  stMla  an  corresnoadH  to  0  025  per  cent,  of 

Na,0,  ii  losM  its  activity  entirely  within  ii  hours  at  a  temperature 
of  15—17'  C. 

3.    Rennet  ferment  is  also  destroyed  by  O'o  to  1  per  cent,  of 
NOjCO,*.     Since    rennet- ryinogeu   is   much    less  readily  dcstniycd, 

>  EriMUMyM,  ■  D«nlallutif|  iler  ungatotroUn  FtnaftttU.'  CommunlOftWd  Id  Ui« 
Aead.  of  SwpBM  of  Munich  to  ISTfi  tad  BbatrMUd  in  Ualy't  Jahrttberieht,  Vol.  t 
p.MT. 

~  LaBflty,  Jounwl  of  Ph)ftiolt>gi/.  Vol.  m.  (Itl63).  p,  SS9. 
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dilute  sodium  carbonate  mny  be  used — as  in  t1i«  case  of  pepfiinogeu 
and  pepsiu — to  distiiiguUli  zymogen  from  fermeDt^ 

4.  High  temperntiires  diminiah.  nnd  ultimately  destroy,  tbe 
activity  of  solutions  of  the  curdling  ferineut.  ihe  result  being  remark- 
ably influenced,  however,  by  the  reaetion  of  the  liquid.  A  liquid 
which  is  very  rich  in  ferment  can  be  momentarily  heated  to  70"  G. 
without  losing  all  its  activity,  whilst  if  the  same  liquid  be  acidulsted 
with  0'3  pel-  cent,  of  HCI,  mtimentary  heating  to  6S'C.  or  digestion 
at  37*— 40"  C.  for  40  liours,  suffiee  completely  to  annul  its  millt. 
curdling  power.  As  pepsin  is  not  deatroyed  by  long  digestion  in  acid 
solutions.  H  hiL^t  the  inilk-curdling  ferment  is  so  destroyed,  we  can  free 
acid  pepsin  solutions  from  the  curdling  ferment  by  moreiy  kocpiDg 
them  for  ii  aufiBcient  time  nt  40°  C 


The  one  great  characteriatic  of  the  rennet  fermeut 
is  the  power  wJiieh  it  possesses  of  clotting  solutions 
of  casein,  pravtding  these  contain  a  sufficient  quantity 
of  time  salts, 


pntr  of  tb* 
r«rtn«nt  !■  to 
eoKptlata  ca- 
■aliL 

Without  anticipating  the  complete  treatment  of  this  subject  in 
another  volume  of  this  work,  it  i<i  necessary  in  thi^  place  to  state  that 
comparatively  recent  researches  of  HAramarstcn  have  cstobliahcd 
that  casein,  as  it  exists  in  milk,  is  a  body  which  cau  be  precipi- 
tated unaltered,  by  means  of  various  areots,  such  as  common  salt, 
magneHinm  sulphate  and  very  weak  acids.  Under  the  influence  of 
rennet,  however,  cnsc-in  probably  undergoes  a  decomposition  which 
appears  to  resemble  that  of  fibrinogen,  as  we  conceive  it  to  occur  when 
under  the  iufluencc  of  the  fibrin-ferment,  it  splits  up  with  the  sepa- 
ration of  fibrin.  Casein  under  the  influence  of  the  ferment  would 
appear  to  split  up  into  a  proteid,  which  if  lime  salts  bo  preeent, 
assumes  a  clottod  form,  and  mto  one  which  remains  in  solution. 

To  the  solid  product  formed  during  the  clotting  of 
milk  or  of  a  Kohition  of  casein  by  muk,  we  may  with 
propriety  apply  the  name  J'araccuein,  especially  as  tbia 
appropriate  term  !$«  the  suggesliun  uf  Hammarsten.  to- 
whose  researches  we  are  indebted  for  our  present  knowledge  of  the 
clotting  of  casein.  The  soluble  product  of  the  decom|msition  is  a 
protein^  resembling  the  albumoses  in  its  reactions,  to  which  Ham- 
marsten  gives  the  name  of  Molkeueiweiss,  or  whey^albumin  (why  not 
Molken-albuniose  or  whey-albumosc')). 

The  milk-curdling  ferment  does  not  convert  milk-eiigar  into  lactic 
acid. 


and  irhey-al- 
bunUa  (vbar- 
■Ibumoaa). 


I 


AcUvlty    of 

ths  milk-curd- 


Haiumarsten  precipitated  a  glycerin-extnwt  of  calTs 
stomach  with  alcohol,  and  drssolved  the  pnrcipitate  iji 
water.    The  amount  of  dissolved  matter  van  then  dcter- 


1  Ltaglqr,  Jaurml  o/ Pligthlo^,  Vol.  Ut.  {1693).  p.  387. 
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luincd,  taid  also  its  power  of  cooigutatmg  caseiQ.  ABsuming  all  the  dis- 
HuhW  substance  to  consist  of  pure  lenneat,  it  would  curdio  from 
400,000  to  800,000  times  its  weight  of  casein. 

The  relative  flctiTity  of  solutions  of  milk-curdliDg  ferment  of 
tinknown  strength  is  determined  by  observing,  caeteris  paribus,  the 
relative  rapidity  with  which  they  induce  the  curdling  of  milk. 

The  nature  of  the  process  which  goeH  on  in  the  curdling  of  milk 
uodcr  the  influence  of  the  inilk-curdhDg  ferment  will  be  treated  of 
at  length  under  Milk. 

SBCT.  12.       ASSXTMED    KlISTKSCE    OF  A    LaCTIC   AcID  FeRMENT  IN 

THE  Stomach. 

Uammarst«D  made  the  obwrvation  that  pure  solutions  of  the 
milk-curdling  ferment,  just  as  puro  solutions  of  pepsin,  exert  no  action 
on  milk-sugar  or  on  protuid  solutions  contaiiung  milk-sugar,  whilst 
gastric  mucus  or  the  neutralized  infusion  of  stomach  possess  the  pro- 
perty of  fugendcring  the  lactic  acid  fermentation.  Pep«in  and  milk* 
curdling  fennent  can  be  destroyed  by  the  action  of  dilute  solutions  of 
caustic  soda,  and  the  liquid  thus  freed  from  these  two  ferments  still 
poaBOBBCs  the  power  of  converting  milk-sugar  into  lactic  acid.  Ham- 
roanten  thence  conceives  thnt  there  exists  iu  the  mucous  menibraue 
of  the  stomach  a  third  lactic-acid-forming  ferment.  It  appears  to 
the  author  that  befurc  usMuming  the  presence  of  an  iinfomied  fer- 
ment ex«rting  this  action,  the  presence  of  lactic-acid-generating 
micro- organisms  would  have  to  be  more  particularly  diaproved. 


Sect.  13.    The  Process  of  DiOEsnoN  in  the  LiviNa 

Stomach, 

Having  now  studied  the  chemical  composition  of  the  gastric  juice, 
the  character  of  its  Acpn-rate  constituents,  and  the  action  which  they 
exert  upon  the  particuhtr  class  of  proximate  principles  whicli  are 
acted  upon  in  the  stomach,  it  remaius  to  consider  the  aciiiai  proce.ss 
of  digestion  as  it  occurs  in  the  living  organ,  and  in  doing  ao  vre  shall 
be  brought  face  to  face  with  certniu  questions  which  have  not  been 
diwiiBsod  in  the  preceding  sections.  Although  cxporimonts  on  artifi- 
cial digestion  teach  us  the  nature  of  the  process  which  occurs  iu  the 
stomacii,  wo  cannot  pretend  that  such  experiments  will  furuish  us 
with  data  which  will  apply  exactly  to  the  ntomacli,  for  in  this  organ 
we  have  conditions  which"  are  verj'  different  from  those  which  exist 
in  xrUro,  In  the  stomach,  we  have  no  ordinary  receptacle,  into  which 
artificial  gssiric  juice  is  poured,  so  n-i  to  be  mixed  with  food,  but 
a  receptacle  kept  constantly  at  a  temperature  ninnt  farourublo  to 
digestion,  provided  with  nrrangcmcnts  which  enable  it  ciintinually  to 
alt«r  tte  c^tocity  acciirdiug  tu  the  mow  which  it  contains,  whicti  it 
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^mspfi,  nnd  kneade  and  rotates — a  perfectly  contrired  arrangeTDGiit 
for  continually  mixing  the  food  to  be  diasnlvKd  with  the  solvent  juice. 
The  stomnch  is  a  rt'ceptacle,  too,  in  which  absorptioii  is  eDiiuimalty 
going  ou.  of  water  holding  certain  substances  in  sohitioD,  and  wecreiioa 
of  the  pepsin  and  (icid  needcnl  to  carry  on  the  digestive  procesx;  a 
receptacle  from  which  at  a  certain  period  of  digestion,  tbe  more 
finely  subdivided  matter  is  gradually  drained  away,  through  the 
pyloric  orifice,  leaving  the  grosser  nios&es  to  be  further  subjected  to 
the  combined  indueuca  of  meehanical  movements  and  the  solvent 
action  vi  gastric  juice. 


General  Sketch  of  Digestion  in  the  Living  Stomach, 

When  food  is  Introduced  into  the  liriug  stomach,  the  mucous 
membrane  which  was  previously  pallid  becomea  injected:  droplets  of 
Liquid  commence  to  exude  Irum  the  opeu  mouths  of  the  gastric  glaada, 
and  uuitiug.  form  a  stream  of  gaetric  juice.  At  the  same  time  the 
organ  contracts  arouDd  the  mass  which  it  cootainf,  and  complex 
movcmeubi  occur  which  cause  "  uut  only  u  conntaut  disturbance  or 
cJluraing  of  the  contents  of  the  organ,  but  compel  them,  at  the  same 
time,  tL>  revolve  around  the  interior  from  point  w  point  and  ft^tn  noe 
extremity  to  the  other'."  In  order  to  form  a  proper  conception  uf  the 
stomach  during  digc-itlim  we  must  not  think  of  it  us  a  flaccid  sac  of 
definite  form,  such  as  it  appears  after  death,  but  as  varying  iti  size 
and  also  in  shape  as  its  walls  grasp  tightly  tbe  mass  which  it  con- 
tains, and  as  waves  of  contraction  slowly  pass  over  it,  forcing  the  mass 
round  and  ruund  in  various  planes. 

"When  fuod  first  viitvn  the  utoiuooh  tbv  uovvmenUi  an;  feeble  and 
slight,  Ijul  ut  digestion  goes  on  thuy  Iji-cutiic  more  xnA  morw  vigorooSt 
giving  riae  to  k  ttort  of  vhui-niuf^  wiUiiii  the  stomach,  the  food  trav^Uititf 
from  tbe  cui-diac  ortlic«  along  the  greater  curvature  to  th«  pylorus,  aaa 
returning  by  the  kwser  curvatiirt;.  while  nt  llie  snme  time  tiiihsi diary 
ciirrvntH  tend  to  CKiry  the  food  wliivli  Liis  bHun  juumng  close  to  tlie  iimoous 
laembi-anc  towards  the  middle  of  the  ^toiuitcli  uud  vice  versa'." 

'' While  llifiHe  it'viilubionsnf  tliR  t^out^nts  of  llie  ntoiitach  are  iwogroislng, 
the  tritumtiou  nr  agitation  is  lOso  goiiijj  on.  Tlu're  is  a  |wrftct  athiiixtum 
of  this  whol«  ingosta,  during  the  jioriod  of  alimemtMtion  and  chymiticAtion. 
Tbcro  is  nuthint;  of  the  dixtinct  lines  of  a<?par&tioi)  hetwcwn  old  ami  now 
food,  and  peculiar  central  or  peripheml  aitiialion  of  cnide,  a»  di}itingui«)i«d 
from  ohymified  aliment,  anid  to  have  baen  observed  by  Philip,  Mn^^oodia, 
and  obhen)  in  their  expcriiuctita  on  dogs  and  rattbibi,  to  be  maea  in  the 
liuiuaD  stomach;  at  least  in  tbat  of  tlie  subject  of  theiie  experimeota.  The 
whole  contents  of  the  ntomftch,  until  chy  mi  Heat  ion  bo  nflarly  Gomplfite, 
exhibit  H  hcturogtiuvoua  uiiuis  uf  EuUdc  and  Huida;  bard  and  wit;  coarm 


>  B«ai]mont.  Rxp*rime'iU   und   Olufn\itio»*    m    lik«  OattrU  Juiee. 
EiitioD,  im%.  p.  101. 

*  Foster,  Phutiolooy,  Bri  od.  (1B7»).  p.  270. 
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wid  fine;  crude  •[»)  chyinilioil ;  ull  intiniutel}*  mixed,  and  dreuUiting  pro- 
miMUuiMly  through  tlie  g>uttnc  vHvity,  like  th«  mixvd  contents  of  ■  cloaed 

\'««Bel,  ji;«Dtlj  AjptaUxl  or  turned  in  tk«  hfind." "As  the  food 

bvoomes  more  and  more  cbanged  from  its  erode  to  it«  chvDiiRed  atAt«,  the 
aciditj  of  the  gastric  fluidi  i»  oonaiderabljr  iricreaftecl,  aud  Uie  general  ooo- 
tractilv  forve  of  the  inuulcs  of  tb«  stomaoli  ia  nueinoDbed  in  «very  direction ; 
^ivi]^[  the  contained  fluids  an  iiupalsc  towards  the  pyloruH  It  is  pi-obaUe 
that  from  tJi«  very  commencemRnt  of  chyuii iicatiion— -f roiw  iIis  tiioe  that 
food  U  reevived  into  tint  Ktoniach  until  that  organ  Ijccoiiiim  unipty — portions 
of  chynw  arv  conittantly  jiMuinj;  into  tlt<^  diioHcnum  through  the  pyloric 
orifice,  aa  the  mass  is  prcBontpd  at  ouch  succr^ve  revolution.  T  infer  ihia 
from  the  fact  that  th«  volume  ii  constiin  tly  tlecrea-ting.  This  docreiise  of 
voliuno,  however,  ia  mIow  at  tint;  but  is  mpidly  aoo*lent«d  toward*  tho 
concluaion  of  digestion,  whvn  the  whole  mass  becomee  more  or  lesN 
chymified.      This  accelerated  eici»utBion  appeaii  to  be  effected  by  a  peculiar 

action  of  the  transverse  uuMleH,  or  rather  of  the  frotwiw^e  batui 

situatixl  tKwir  the  commvnoemvnt  of  tht-  more  coiiical  «hiiiK<d  part  of  the 
pyloric  extremity,  three  or  four  iuchea  from  the  Bmnllet-  end.  In  at- 
tempting to  pau  a  long  glnGs  thermometer  tube  through  the  apet-tnre 
inLo  the  pyloric  ]>ortion  of  the  atoumch,  during  the  lattvr  Htagcs  ol  digc»- 
tion,  a  forcible  contraction  in  firat  [wrccivi-d  nt  this  point,  and  thu  bnlb 
ia  stopped.  Ill  a  sliort  lime,  there  is  a  gentle  relaxation,  when  the  bulb 
pofi&ea  without  difficulty,  and  appears  to  be  drawn,  quite  forcibly,  for  three 
or  foar  inches,  Uiwnrdtt  the  pyloric  end.  It  tH  thi-n  ndfivttHl,  and  forced 
back,  or  siiflTered  to  riso  again;  at  the  namo  tittiv  gtvitig  to  tli«  tube  a 
circular,  nr  rather  spii-al  motion,  and  frecjuently  njvol wing  it  completely  over. 
These  niutiona  arti  ilintinctlv  indicated,  and  atrongly  felt,  in  holding;  the 
end  erf  tliL<  tube  biitwi?en  the  thumb  and  fiugur ;  and  it  retjuiree  a  pretty 
foreible  gri«hp  to  prevent  it  from  slipping  from  the  hand,  and  being  drawn 
aoddenly  down  to  the  pyloric  extremity.  When  the  tulie  is  left  to  ila 
own  dirM-iiiin,  at  tiu-Ht>  jtoriodK  of  contraction,  il  is  drawn  in,  nearly  its 
whole  length,  to  tho  d«pth  of  leri  inchos;  and  when  drawn  haclc,  requires 
oouaiderable  force,  and  gives  to  the  Bngera  the  aenaation  of  a  strong  suction- 

power,  like  drawing  tli«  piaton  from  an  exhausted  tube Tlieae 

pvenllar  motiona  and  contntctinnH  continiu!  until  the  stoiiutch  ia  perfvetly 
empty  aod  not  a  particle  of  the  food  or  chyme  remains;  whoa  all  bocomes 

quieaoent  again The  peculiar  contmctions  and  relaxations,  mentioned 

aboTe,  Huoceed  each  other,  at  regular  intei-vala  of  from  two  to  four  or 
tire  tninat«ii.  Siuultaneously  with  tla'  contriiotio&fl  there  ia  a  general 
shortening  of  thu  fibre*  of  the  stoinach.     This  orpin  contrncta  upon  itself 

in  every  direction ;  and  its  contenta  are  compressed  with  mucli  foreft. . 

During  the  iniervalnof  relaxation,  the  rugn«  perform  their  vM-micular 

actioDS.  the  unduliitory  motions  of  the  fluids  continue,  and  the  lUbnentAiy 
Atid  chymons  masses  appear,  revohing  as  before,  promiacuoualy  mixed, 
through  the  splenic  and  oardiac  portions'." 

Id  t\uo\'ine  verbatim  congiderablo  portions  of  Dr  Beaumont's  vivid 

id  uni([iie  DD<ii;rvHlion)i  ou  his  patient,  St  Miirtin.  the  Anthor  does 

becaime  the  dc-HcriptJon  gives  uuine  idea  of  the  intetudty  of  tlie 


'  BwumoBi,  Op.  c't.,  p.  loa  <t  Mq. 
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mecliauical  movement  wliicli  aid  the  chemical  action  oT  the  gastnc 
juice  80  efficiently  ns  to  ODable  the  stomach  to  effect  digestive  onera- 
lions  whicli,  in  jwiiit  of  magnitude,  cauuot  be  imitated  lu  the  laoora- 
tory. 

The  term  Chyme  (■jnifiot,  juice)  was  formerly  gene- 
rally applied  to  the  p^^py  semi-fluid  matter  resulting 
from  tne  action    of  the   gastric  juice  on  the  mixfJ 

aliments,  and  the  term  Chyniificfttion  to  the  process  wiiich  resulu 

in  the  formatiou  of  ehvme. 


T1l«  term 
Objrmo  ex- 


TheBtomaeh  Doubtlesa  when  much  fluid  is  introduced  into  the 
*t*  'u**  rf  stomach,  ab^Dorption  at  once  commences  actively.  This 
muoh  wLUr,  '"  proved  by  the  fact  (amongst  others)  that  almost 
uid  of  dUM-  iuflt&utly  the  fieusatioiiuf  thirst, which  depends  primarily 
•1M«  ml)'  upon  a.  diminution  of  the  water  of  the  blood,  diminishes. 
•tMces.  j^i  the  same  time,  the  absorption,  of  Kouie  diffusible 

subatancca  occtire,  as  is  proved  by  the  fact  that  a  few  minutu 
after  the  intrnduclion  of  potassium  iodide  into  the  st^Hoach,  the 
salt  is  separated  by  the  kidneys  and  salivary  glands.  The  extent  to 
which  the  process  of  absorplion  proceeds  in  the  stomach  cannot, 
however,  be  exactly  stated.  This  subject  will  be  more  fully  con- 
sidered in  the  eeipiel. 

Tiii^ri;  in  tin  in tcrcntiug  obtwrvntiou,  which  Iiah  repeateiUy  Iteeu  made  in 
ilugH  with  gnatric  listulae,  wlikh  jirovra  both  tliu  ni|iidity  with  which 
abeoiTxtioD  goes  on  and  the  fact  that  thirst,  though  «  local  sensation,  u  yvt 
but  tljv  cxpreii8ioii  of  t)ie  griienil  wunt  of  the  aystein  for  water.  If  id  a 
dug  with  u  gHMtric  tiHtulu,  the  cuniiula  ba  nllowed  to  reinaiu  unplugged 
antil  thi>  anitn&l  iDaniliMtts  deci()«l  thirst,  tlien  on  wat«r  Iwing  given  to  it, 
the  luiimal  will  Qouiiiieuce  dnnkiti);  and  will  canliime  to  diink  indefinitely, 
the  water  rtmniiig  out  through  tlie  i;ii[iiiii1n  n»  fast  as  iienters  tJic stomncii. 
So  soon  howovcr  iw  the  i^iuiula  is  pluggwl,  thd  Htiiriial  bohun-H  n»  iiomuil 
aitiiuaU  do,  and,  aftor  a  very  small  qunatity  of  fluid  has  been  tnlccn,  sto^ 
drinking ;  iu  a  Hniall  fraction  of  k  minute  sufficient  uhsor|>tion  of  water  lias 
ooctUTod  to  lelieve  ihn  gniK-ru.1  wwut  for  water,  of  which  the  neuKation 
of  thirst  Was  tbv  local  vxproesion. 


The  oonetitofibts  vbocb  are  chemically  acted  upon 
by  the  gwtric  jnice  in  the  stomach  are  firstly  ihe  pro- 
teids,  and  secondly  the  albuminoid  bodies,  collagen  and 
gelatin,  chondrigcu  and  chondrin  (?). 

The  other  groups  of  organic  fixHd  coustiluenta,  viz, 
fats  and  carbohydrates,  are  very  slightly  acted  upon  by 
the  gastric  juice  itself;  in  considering  this  slight  action  of  the  gastric 
juice  we  shall  have  to  unijuia'  to  what  extent  the  aiuylolytic  action 
of  the  saliva  upon  the  altmi^nlary  utaroh  is  allowed  to  proceed  in  the 
presuQce  of  the  acid  juices  of  the  stomach. 
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The  Changet  which  Adipose  Ttism  undergoes  in  the  Stotnacti. 

Until  lately  the  tnnjoritv  of  authorities  liave  belt)  that  the  fatty 
congtituoDts  of  the  ftxwi  undergo  no  change  in  the  stomach,  although 
their  subsequent  digestiou  in  the  small  iulL-aliue  is  iiromotKj  by  tlie 
soliilion  of  thu  walls  of  the  fat  eeilii  wliicU  oeciire  in  the  stomach, aud 
which  libcTBtcs  their  fatly  ciniteuts. 

It  was  stated  by  Ur  Marcet,  however,  that  a  certain  decom- 
position of  the  neutral  fats  taken  place  in  the  stomach  In  a  recent 
research  Caah*  ha-i  found  that  when  dogn  are  fed  upon  perfectly 
neutral  fats,  fatty  acidn  are  liberated  in  small  i|uaiititie8.  and 
that  when  the  niucou!i  mennbrane  nf  the  Ktomaeh  is  iiii<estod  with 
oeutraJ  fata,  iu  the  presence  of  dilute  hydrochloric  acid,  fatty  acids 
are  likewise  liberated.  The  setting  free  of  traces  of  fatty  acids,  if 
it  occurs,  will  md  the  aubaequout  emuUiouizing  of  the  fats  by  the 
bile  and  pancreatic  juice. 


The  Ghiingti  which  Starch  undergoes  in  the  Stomach. 

In  discuMing  the  changes  which  starch  undergoes  in  the  stomach. 
we  have  to  consider,  firstU'  whether  the  gastric  juice  po3sej*ses  by 
itself  any  action  upon  atarch,  ami  secondly  to  what  extent  the  action 
of  lb«  saliva  upon  starch  continue-t  in  the  stomaeh. 

The  saliva  of  many  anioials,  e.g.  the  dog.  is  devoid 
of  diastatic  pniperties.  If  a  dog  be  fed  upon  a  meal 
of  boiled  starch  and  killed  duriug  digestion  whilst  tb« 
stomach  still  contains  food,  mere  traces  uf  itugar  are 
found,  but  the  contents  contain  both  soluble  starch  aud 
crythrodextriu  (Brlicke*).     Unboiled  stAich  is  unacted  n]»oii. 

The  contents  of  the  stomach  of  man  fed  upon  a 
diet  containing  boiled  starch  always  coutaiu  consider- 
able quantities  of  sugar,  and  the  (jiiestiou  arises.  Wore 
these  produced  liy  the  tuouicuturv  action  of  saliva  upon 
starch  during  maalicati'in  and  deglutition,  or  did  the 
conversion  of  sugar  under  the  influence  of  saliva  con- 
tinue in  the  stomach  ?  In  endeavouring  to  solve  this 
(jucstiou,  we  have  to  bear  in  mind,  firstly,  that  diastatic  ferments  do 
ijuert  their  action  upon  starch  in  a  fluid  of  feebly  acid  reaction,  bat 
woondly,  that  that  action  is  arrested  so  soon  as  the  reaction  becomes 
'atroDgly  acid.  It  would  therefore  appear  most  likely  that  iu  the 
wriy  atego^  of  gastric  digestion,  beforti  the  admixture  with  gastric 
'juice  is  coiiiplet«  aud  when  :he  acidity  of  the  gaAtric  juice  is  com- 
paratively fcebK  the  diastatic  action  of  the  BaTira  proceeds  in  the 
stomach,  whereas  noon  after,  when  the  acid  reaction  has  attained  a 
Certain  figure,  diastatic  action  diiniDisLes  or  even  ceases  altogether. 
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'  C»iih,  Arehiv  /.  Aimt.  u.  i-hytiamaii.  ISSO.  Phgilol.  AUhfil..  p.  3M, 
■  Dnlcke.  Siuuajfbtr.  d.  K'ttntr  Actiil.    »  Abtb.     Vol.  Li«.  (L(IT2.) 
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The  statemenui  nf  variouK  autliors  conceining  the  influence  of 
an  acid  reaction  upon  the  aniylolytic  action  of  tite  salivary  ferment^ 
differ  remarkably.  Thus  Briicke  asserts  that  in  a.  solotiou  cod 
t<iinin§:  Oo  of  HCl  per  lOWO.  the  conversion  of  starch  into  sugar  _ 
on.  whilst  when  the  quantity  reaches  1  per  lOOU,  no  actiau  on  starch' 
occurs'.  HamnoarstcD  foimd  that  the  aio^rat-ic  action  ceased  wbca 
the  ijuautiij*  of  hydrochloric  acid  amounted  lo  from  0'05 — lV25  per 
cent.  Lnngicy'  observed  that  when  saliva  is  digested  with  HCl  of 
from  0-2  to  O'Oi  per  cent  for  timwi  varying  from  2*  to  7  hours  the 
formenl  was  deatroyod.  On  the  other  hand,  Ricliat*  asserla  that 
&alivti  L'xurtit  u  moro  powerful  actjon  on  starch  in  the  presence 
2  parts  per  1000  of  hydruchloric  acid,  than  when  the  reaction 
neutral  ur  feebly  alkaline,  and  Dofrcsne  contends  that  diastntic  action 
goes  on  unimpeded  by  the  gastric  juic& 

In  forming  an  opinion  concerning  the  important  question  as  to 
the  extent  of  starch  digestion,  and  its  dumtlou  in  the  sLoinach,  wej 
inust  rely  chiefly  on  the  researohes  of  Langley  and  of  ChittendeOi' 
although  in  some  particulars  these  observer*  do  not  agree. 

lu  l^HI  Chitltiiiden"  aunounced  that  the  furment  of  saliva  was 
destroyed  on  being  warmed  for  two  hours  with  gastric  juice  contain* 
ing  O'i  per  cent,  of  hydruchloric  acid,  and  oven  that  much  BtnaUax^ 
percentages  of  acid,  as  0025  per  ctiiit,,  diminished  the  diastalic  actio 
■of  the  ferment  very  materially. 

Laitgley'  independently  pointed  out,  iu  a  study  ou  the  destruc- 
tion of  fei-uieuts  in  the  alinicutary  canal,  that   weak   solutiocs  ofi 
the  salivary  ferment  were  destroyed  by  heating  at  iffC.  with  0'014l 
per  cent.  HCl. 

Chittenden  and    Qriswold*,  although    finding  that  the  saU\ 
ferment  was  dcstroytjd  by  very  small  quantities  of  free  aoid.  arrirfl 
at  the  curious  ru-sult  tlial  a  smaller  quantity  of  acid  increased  thi 
diastatic  activity.     The  explanation  of  this  phenomenon  was  givea^ 
by  Langlev,  who  found  that  ueutraliKud  saliva  cunvcrts  starch  into 
sugar  much  more  actively  than  uuiicutraliaed  »aliva. 

When  therefore  i«tarch  mixed  with  saliva  enters  the  stomach, 
the  diatftatio  action  will  proceed,  and  up  to  a  certain  point  may  go 
on  more  rapidly  than  with  saliva  which  ha.s  not  been  neutraliaed.1 
As  the  acid  reaction  becomes  Rtrongly  developed  the  action  will,  how- 
over,  rapidly  alow  and  be  arrested. 


1  BeUoIm.  Vorlttaitireii,  p.  3S0. 

*  Hammawtep. '  Einwirkuuj;  von  Spdcbel  anf  8t4tke.'    MkIt*!  Jahrm^ritht,  VoL 
1.  p.  187. 

■  Lnngley,  >  Ou  Uiu  DvsUucCiou  of  Fcnntriita  in  the  AlimeDtujr  CuuJ.*    Ar 
6fPhy,hh^,j,  Vol.  111.  (lesU),  p.  U4«. 

*  l(ieh«t,  •Do  Hne  Uutriquc'    Jonm.  d*  r.jiut.  tt  lU  la,  Phfft(obfte,  Vol.  sit. 
(187SI.  p.  M5. 

*  Chtttrndpn  nnd  Orlntrald.  Anifr.  Chrm.  Jotini,,  Vol.  iii.  {x  903.      Sw  ObiHaDdm 
anil  Smith.  'ThctlUiUCic  notinn  of  gnlivit.  m  nioiUllcd  by -ruiniK  condittoni,  Mndlad 

J aantiM lively.'     Stitdle*  from  tlir  Lab.  of  I'hj/ii,  Vhem.  ef  Yah  CoHegt,  tor  the  jett 
9«-8G.    NewH»¥on,  1895,  p.  l.«t»fj. 
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Id  coimection  with  the  ueutralisatioii  of  saliva  by  acid  we  have 
10  consider  a  poiol,  coucerniug  which  there  is  a  disagreement  be- 
tween Luuglcy  anil  Chittenden.  It  had  buen  shewn  hy  Uanileivalcy' 
that  vaiiutu  proteids  coinbiue  witli  acidH  and  alkalies,  ur  with  one 
of  thym.and  Iiangley'  found  that  in  the  case  of  saliva,  because  of  the 
|irot«ids  which  it  contains,  a  certain  amount  of  acid  inn.y  be  added 
without  there  being  any  acid  free,  because  of  the  fi^rniation  of 
add-proteid.  Now,  according  to  Langley,  the  ncid-protcid  which  is 
formed  when  eali^'a  is  neutraUsed  with  acids  acta  prejudicially  on  the 
diastatic  action  of  thit  salivary  ferment,  whilst  according  to  Chit- 
teudeu  and  Smith*,  the  influence  of 'ncid-protcid  matter '  seems  to 
stinudate  the  diastatic  action,  up  to  a  certain  point,  (arger  quantities 
nitiuiatc-ly  slowing,  and  evftu  dealroying,  the  fcrtncnt. 

Summarising,  then,  the  rettearciieK  to  which  we  have  alluded  we 
iDAy  safely  conclude  that  in  the  Aret  stage  of  gastric  digestion,  i.e. 
for  a  period  up  to  aljout  half-an-hour,  the  conversion  of  boiled  starch 
into  dextrins  and  maltose  doubtless  proceeds  actively,  but  that  it 
then  ccMca.  under  the  influence  of  ncid-prnteids  and  free  acid. 

Closely  coiuiecltd  with  the  quwtion  just  discussed  is 
one  to  which  we  have  incidentally  referred,  viz,  whether 
the  diastatic  ferment  is  dustroyc^l  or  not  in  the  stomach. 
Upon  this  matter,  also,  the  earlier  Htatements  of  autlioni 
differed  very  greatly.  Thns  it  was  said  by  Cohnheim' 
that  the  diostatic  ferment  is  not  destroyed  when  submitted  to  nrti> 
licial  digestion  with  pepsin  and  hydrochloric  acid  for  many  hours,  for 
on  neutralising  the  liquid  it  was  found  to  posgea»  diastatic  powers, 
Schiff^  made  the  saine  stuU-mcut;  and  more  recently  Defrcsne'  has 
led  it.  Roberts',  on  the  other  hand,  asserted  that  the  diastatic 
power  of  the  saliva  is  quickly  and  permanently  abolishe<l  both  by 
an  artificial  digestive  Huid  and  by  tillered  gastric  juice  obtained 
from  the  human  etomacb.  On  this  subject  we  refer  to  the  more 
recent  experiments  of  Chittenden  and  of  Langley,  alreaily  referred 
to,  as  furnishing  ua  with  the  moat  valuable  and  reliable  information, 
and  as  proving  conclusively  the  ultimate  destruction  of  diastatic 
ferment  m  the  stomach. 

Changta  in  the  Acidity  of  tied  Gontenta  of  tlie  Stomach  during 

DigestujH. 

It  has  been  already  said  that  the  acidity  of  the  contents  of  the 
stomach  increases  as  digestion  proceeds,  and  attention  must  now  he 

'  Duiilflvitij.  Cftainlbinil  /.  iL  tiud.  Wutveluift.  1680,  qaoUd  by  LtaKlcy. 

*  i.  N.  Iianjilcr  ktiil  V.  Kym,  'On  MrUiin  oonditlons  which  Indaraoe  Uio  amylo- 
Iftie  MtKMi  of  mUta,'    Joitrrml  <•/  FhytMogy,  Vol.  rr.  p.  18. 

'  ChilHndeii  u>A  Boulb,  \<k.  rU. 

*  OdhnlMini,  >Zar  Keiiotniu  dor  saek«rbild«nd«ri  FontUBtO.'     Vinbew's  Arthir, 
Vol.  xiTiii.  |1HR3|,  p.  21S. 

■  SdiiK,  Lt;mi  i»r  ta  MgtMian,  Vol.  l  p.  lOS. 

*  IMrtnw.  'Etndw  «i)iapirttift  nir  U  ptysline  M  b  diMiua.'    Cvmptet  ItiKdiu. 
Vel.  unu.  p.  1070. 

*  Robert*,  On  tht  Di^tttivt  FenaenU,  i£c.    London  4ail  Hanobeater.  ttW.  p.  33. 
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directed  to  vMiatloas  which  occur  simultaneously  in  the  nature  of 
the  free  acid. 
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It  has  beeu  sliewn,  in  a  previous  secliuu,  that  ilic 
acid  rcactioD  »f  the  gastric  juice  is  due  to  the  pri-Mcocc 
of  free  hydrochloric  acid,  though  Richet  maintains,  of 
hydrocliloric  ftcid  in  combination  with  an  aniido-acid, 
such  as  leucine.  V.  den  Velden'  assetiji  that  in  the  first 
stages  of  digestion  in  the  human  stomach  no  free  hydrocliloric  acid 
can  he  detected  nntil  three-<)iiarters  of  an  hour  after  a  full  meal  such 
as  dimier. 

It  tiiiist  be  rememWred,  Iiowevt-r.  iliat  tlie  proteida  winch  are 
present  in  the  gostric  juice  interfere  very  materially  with  the  colour 
leactious  upon  which  reliance  is  placed  in  asserting  ttie  presence  or 
absence  of  free  hydrochloric  acid.  We  shall  probJibly  bo  near  the 
truth,  therefore,  in  asserting  timt  at  least  twenty  minutes  or  hulf'-iin- 
hour,  and  occasionally  forty  rtiinuteu,  must  elapse  before  the  stomach 
contents  contain  an  apprtciable  quantity  of  free  hydrochloric  acid. 

The  gastric  juice  be'liaveB,  it  was  shewn,  when  shaken  with  ether, 
ae  an  arpieoua  sulntinn  containing  a  mineral  acid. 

The  pure  gastric  juice  of  man  has  an  aridity  which,  according 
to  Richet'a  obaer  vat  ions,  corresponds  ti»  VA  parts  by  weight  of  UCI 
in  1()00. 

When  digestion  is  proceeding,  however,  the  acidity  increases 
somewhat.  However  large  the  quantity  of  liquid  in  the  stomach. 
it  i»  found  to  have  an  acidity  which  on  an  average  (according  to 
Richet)  correHpnndR  to  I '7  parts  of  HCI  per  1000,  though  it  may, 
especially  at  the  end  of  digestion,  exceed  this  figure  somewhat. 
After  the  ingestion  of  aciili;  or  of  allcnlies,  the  normal  acidity  is  soon 
re-e^tablisllell. 

Richet  has  foiiud  that  the  acidity  of  the  contents  of  the  stomach 
in  the  advanced  stages  of  di^stioa  do  loa^  depends  solely  on  a 
mineral  actd.  but  that  considerable  quantities  of  acids  soluble  in 
ether  arc  present.  These  acid«  arc,  iu  purt,  produced  by  the  decom- 
position of  salts  of  organic  acids  present  iu  the  ingested  food,  but, 
according  to  Richet.  they  are,  iu  no  small  degree,  due  to  acids  which 
result  from  acid  fermentations  which  occur  iu  the  stomach.  Thus  io 
the  ca«e  of  milk,  according  to  Richet,  there  is  set  up.  as  &  normal 
process,  an  acid  fermentation  which  leads  to  the  development  of  lajTse 
quantities  of  lactic  ncid.  The  feebler  the  normal  acidity  of  the 
gastric  juice,  tlic  greater  the  miantity  of  the  organic  acids  resulting 
from  ferracntnlive  changes.  It  is  probable  that  the  acids  thus 
set  free  reiuforce  the  normal  acid  and  cooperate  in  the  pr 
of  digestion. 

'  Von  deD  V«ld«n,  '  Znr  Lefare  von  d«T  Wirbnog  <!«•  Mnndl>pnoll«la  in 
ZtiUtkriflf.  phffi.  Chemir,  Vol.  ut.  p,  205. 
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Duration  of  th  Digestive  Process  in  the  Stomoch. 

The  digestive  process  varies  iu  duratioD  Iq  ditfcreiil  auiiiiaU,  and 
io  the  same  animal  acconlitiff  to  the  nntuns  of  the  food,  to  its  state 
of  division  &c.  Id  Alexis  bt  Martiii,  Dr  Bentiiaout  found  this 
duration  of  the  gastric  digestive  prr>et>83  to  be  bctweoQ  three  to  five 
houn.  iiud  Riclift  rL-rnorks,  ns  thi;  result  of  hLi  observations  on  his 
pftiit'iil  Marculiti,  thai  the  digestive  process  does  not  appear  tn  extend 
D«yond  four  or  five  hours,  though  three  hours  represenb  itA  more 
usual  diiratiuu '. 

In  dogs  anri  other  carnivorous  SDimals  which  are  in  the  habit  of 
*1x>lting'  large  massesi  of  meat,  undigested  masses  arc  occaHioDally 
found  in  the  stomach  eight  or  ten  hour»  after  a  meal  and  often  longer. 

In  connection  with  this  (]ue8tiori  we  have  to  consider  the  facts 
which  ri'lotc  to  the  manner  in  which  the  stomach  empliei!  it#clf. 

According  to  »onie  pliy»tioIogiitt.8,  alniuet  from  tiie  earliest  mo- 
ments of  gastric  dig<;Btiou,  the  patulouii  pyloric  oritice  alLows  tho  floft, 
alr*fady  ch^-mified  portions  of  the  couteuls,  to  eecape  into  the  duo- 
denum, whiUt  the  jet  solid  contents,  not  being  able  to  escape,  are 
mechanically  retained  and  forced  to  revolve  and  revolve,  until,  under 
the  influence  of  fresh  juice,  of  the  heat,  of  the  mechanical  niovo- 
ments  of  the  compressing  stomach,  they  themselFen  break  down  into, 
and  form  part,  of  the  griimou<i  chymilied  mass. 

By  a  gradual  process,  then,  the  stomach,  according  to  thia  view, 
gradually  emptier  itself. 

Tlic  author  a  not  disposed  to  believe  that  matter*  proceed  pre- 
cieelv  in  this  manner,  but  rather  ae  has  been  described  by  Kicbet  and 
by  KUhne. 

According  to  Richet,  whilst  doubtieas  the  softer  and  more  dif- 
fluent portion  of  the  gaatric  contents  do.  little  by  little,  escape  from 
the  stomach  into  the  duodenum,  the  quantity  thus  escaping  iii  in- 
sigDiticant,  the  stomach  contents  remaining  essentially  UDdiDiinished 
during  the  average  digestive  period  of  three  hours,  at  the  conclusion 
of  which,  within  a  very  short  time,  the  whole  of  the  cuDt«utji  are 
emptied  inlo  the  Jiiodeniiin. 

The  procew.  according  to  Kiibnc,  is  very  similar  bi  the  dog. 
ezo-pt  that  the  average  duration  of  gastric  digestion  ts  Rve,  and  not 
three,  houni.  Dunug  these  five  houni,  at  int<:rvals  of  about  tea 
minutes,  the  stomach  expeU  small  i]^uaiitities  of  it«  contents  through 
the  pylorus;  the  great  mass  remains,  however,  to  be  expelled,  almost 
at  one  time,  when  the  act  of  gastric  digestion  comes  to  an  end. 

'  Tin  f«adcr  is  icfcmtl  to  a  tvjt  hitsmliiiK  Mt  of  obierrktloa*.  on  Ihs  duntioD  at 
Um  digMtiTV  pri>c«iu  in  a  tiioionghlf  b««lthj'  mt-n  at  80,  vawA*  b>  Jmmii.  The 
iIai%li«B  «f  tbi)  iligwlivft  prooM*  (rsa  jmlgcd  of  hj  Ibo  *toniMb-paiep.  100  granimp* 
o\  Tsw  Iwaf  + 1  prsmme  of  sail  sod  SOO  cc.  ol  watar  wera  digoslMl  In  3  hoon.  If  t>i<: 
QMS I  cflrc  thoroughly  boUud  or  roacted  (ondenloDe)  the  Cime  ooaufiiad  in  dlgisatluii 
wwshoan. 

MS  «.c.  of  (re*h  uuboilnd  ouw'i  milk  were  cx>DiiFlot«ly  JlReat«<)  In  &\  houri.  biit 
Uia  WM  qaaaUtj  of  boilnJ  <mw'«  milk  Tainired  1  hours  (XtiUchrift  fitr  Jliotogie,  Vol. 
m.  {IMS),  p.  1491. 
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The  final  Pivducts  of  Dt^estion  which  leave  the  Stomach.     Ik. 

CUyate. 

Aa  a  result  of  the  combined  uiflueiice  of  the  gastric  juice,  of  the  ; 
movements  of  the  atomacb,  and  of  the  hiji;h  temperatoro  of  the  or^, 
the  soli<l  alimentary  matters  are  re<lucvd  to  a  pulpy  or  8emi-Biii>l 
coQditiou,  and  it  ie  ia  this  aut«  that   they  «KApe   through  the  J 
pyloru.i  into  thtt  duodenum.  1 

Daring  the  digei*tive  proce^,  laige  quantitioa  of  proteids  and  of 
albuminoid    bodies   have   been    converted  into  peptones,   of  which 
doubtless  a  part — though  wo  have  no  data  on  the  aubject — is  ab»| 
surbed  by  the  gnslnc  mucous  mcmbnme  as  soon  as  formed,  whtlrtJ 
a  part  is  held  in  sulutiou  in  the  liquid  portion  of  tlie  cJiyme.     Ai  aj 
result  of  the  action  of  the  acid  «f  the  giwstric  juice,  iusoluhle  mine 
salts,  &8  e.g.  bone-earth,  are  dissolved  aud  doubtless  are  ab$orbiKll,J 
as  are  also  eoluble  salt«,  sugar,  and  large  (Quantities  of  water. 

Tlte  chjme  then  must  contain  chiefly  the  undigested  or  poitwll] 
digested  fragments  of  food,  mixed  with  gastric  juice  holding  in 
tJon  products  of  digestion. 

Accordingly  we  observe  it  to  contain  fragments  of  muscle,  indi' 
vidunl  muscular  fibres,  splitting  into  fibrils  hut  especially  tendii" 
to  cleuvii  into  transverae  Uisca.     The  tibrillar  connective  tiaeue  ba 
wholly  or   in  great  part,  disappeared,  but  yellow  elastic   tiitsue 
found  appujently  quite  intact;  the  dame  remark  applies  to  cellulose' 
and  to  the  epidermal  tissues  of  anlmalK.     If  raw  starch  has  been 
partaken  of,  the  chvme  is  sure  to  contain  unaltered  starch  giaina 

Lastly,  if  adipose  tii*8ue  or  any  fat  was  contained  in  the    foo<i,J 
drops  of  liquid  fat  are  found  iu  the  ch^ine.    It  has  been  obserfed 
Ricnet  that  where  the  contents  i>f  the  stomach  contain  much  feO 
this  appears  to  be  retained  in  the  stomach  until  all  other  matten 
have  been  expelled. 


eeo 
tatM 


Sect.  U.    The  Non-Diqi'Stion  of  the  Stomach  by  its  Juice. 

The  fact  that  the  delicate  mucous  membrane  of  the  Uving  stomaci 
ia  not  digested  by  the  gastric  juice  which  it  secretes  early  at 
the  attenlion  uf  observers. 

Pott-mortem         Juliu  Hunter*  was  the  first  to  draw  attention  to 
dUcrttraoftiLe    f&ct    timt    when   auimaU  or  human  beings  are  killc 
■toniMii.  whilst  the  digestive  process  in  actively  pruceediug, 

not  unfrequently  happens  that  large  portions  of  the  stouacb  an 
softenetl  and  perforated.      The  gastric  juice,  then  eatcaping.  may  ac4j 
upon  adjacent  organs,  partially  digesting  them,  as  in  a  case  whiot 
came  under  the  notice  of  the  Author,  and  in  which  a  part  of 

■  John  Hunter  •  ObMrrationn  on  Certain  Pftrtu  of  Um  Aninul  EttUHOOf,* 
ITSe,  ind  PkiUmophitai  2'Taiuaclioa*  lor  177!^ 
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spleun  had  been  pretty  thonnighly  digested,  ami  the  Ictt  Iialf  of 
ibe  <liaphragui  haa  been  perforated.  Tlie  process  pr(X-«edi«  iiiu»t 
perfectly  when  the  externul  cnndltioiis  are  sucli  that  the  hody  coois 
alowly;    it  affects  particularly  the  fundus  ol'  Lhu  atoumch. 

John  Hunter  attempted  to  explain  the  non-sotiitian 
tif  tliL-  living  Monia(.'U  by  thu  (rasiric  juice  as  due  to  its 
vital  pmpcrtios. — to  the  '  living  principle  ' — ,  which 
KXfinptcd  it  frtmi  an  action  which  dead  matter  could 
But  this  exi)Iauatioi),  besides  bying  open  to  the  objoctiim 
of  a  petitio  principii,  is  dispnived  bv  the  fiict  that  tiring  tisaufi* 
may,  under  eertmn  circumstances,  bo  aigested  by  the  stomach.  Thus 
Claude  Bernard  I'ound  tliat  the  leea  of  a  living  frog  which  had  bc<-ii 
introduced  through  a  fiiittila  into  tine  interior  nf  tho  stomach  of  a  dog 
aoderwent  digeatiun,  tliDUglt  the  uuimul  wil.i  itllvi;. 

Claude  Bernard  oxplnitiwl  the  uou-digeutiuD  of  tho  gastric 
mucous  membrane  as  due  ti>  iis  epithelial  covering,  which  i»  con- 
linually  being  renewed,  wliilsl  Schitf  lielieved  tbat  the  layer  nf 
mticufl  which  coveni  the  intei-nal  Hurfnce  nf  the  stTimacb  effectually 
prutects  it.  Tlie  view  of  Claude  Bernard  is  disproved  by  the  fact 
that  in  ca.^e8  where  the  continuity  of  the  epitlidial  coveriui;  of  the 
Rtomach  is  iiit4»minted,  as  in  gaittrie  ulcer,  digestion  of  the  parts 
deprived  of  e)iilbcliuiii  dtiv^  not  occur.  Schiff's  view  v*  probably  in 
pan  true.  .Scientific  opiuiou  has,  however,  iucliited  to  favour  the 
view  of  l>r  Pavy,  that  the  nun-digestion  nf  the  living  stomach  ia  con- 
neL-t«d  with  the  circuliitinn  through  the  blontl-vessclB  of  the  mncoiis 
membrane,  of  alkaline  bifiod,  whence  there  is  eoutinunlly  tmnsuding 
alkaline  phuim.'i,  which  bntlieK  the  iiltimate  anntomieal  elements  of 
the  tissues.  The  acid  gastric  juice  which  could  peuctrute  tu  these, 
having  its  acidity  removed,  is  naturally  rendered  inert.  Tikis  view 
has  been  supporte^l  by  the  fact  that  when  certain  of  the  arteries 
of  the  stomach  are  tied,  tht-  ureas  supplied  by  them  an.'  liable  to 
perforation,  by  a  procL-e*  stvid  to  be  similar  to  that  of  post-mortem 
digestion;  more  probably,  however,  perforation  depend^  upon  a  ne- 
crotic process,  affecting  the  anatomical  elements  of  the  part  concerned. 


Tfie  Phyaioloffical  Action  of  Albumoaen  and   Peptone. 
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Allusion  ha^  already  been  made  to  the  observations 
nf  Schmidt- MUlheim  and  of  Kano  on  the  influence  of 
albumoaes  in  checking  the  coagulation  of  the  blood. 
The  oimparative  action  of  atbumoses  and  pepton^rs  will 
now  be  coTiflidered.  In  a  series  of  researches  on  the 
Datare  and  phytuological  action  of  the  products  of  the  digestiuu  of 
prutcids,  Scbmidt-MiUheiui'  annoimced  the  fact  that  when  peptones 

■  A.  SobinldMIUUMim,  '  Znr  KonnuiiM  •)*•  I\>pbitu  ntid  aelD*?  phjwioL  Rmjrta- 
InDit'  (Am  (L  ph^«.  Anibilt  »  XMvii^).  Da  DoU  Boymunil'*  Archiv  J.  Anal,  «. 
I'kgnotag.     nijr*.  AbOiell.  |N«0.  p.  33. 
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hte  itiject«<l  into  the  blood-vessels  of  living  dogs,  certain  rematluUe 
phenomena  are  observed,  the  moM  importAot  of  which  arc  (int.  thu 
the  animal  pa»w«  into  a  state  of  narcosis,  resembling  chlon>fi>nu 
narcosiR,  accompanied  by  a  great  fall  of  the  general  b|i>od-prM«urc; 
second,  that  the  blood  drawn  from  the  blood -resxols  haa  lost  it» 
power  of  spontaneous  coagulation.  The  material  employed  in  iktv 
researches  was  Witte's  '  Peptoniim  sicciim,'  a  commercial  prepvBtii>D. 
vhich  Kubne's  re»tNirche.s  ba%-e  xiiice  shewn  to  be  compoeed  <4  a^ 
mixture  of  ftlbumoseji. 


vttlMia    of 
TKBa. 
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Fanu '.  the  yeur  after  Oie  abure  luteresting  remilb 
•Kuve  made  known,  published  observations  which  coa-j 
tinned  and  cstendetl  thuac  of  Schmidt-Miilheim. 

Ho  found,  ewpluytug  essentially  the^ame  pre[>arauon  asSchmid 
Hiilheini,  that,  as  a  rule,  in  dnga,  t-he  copulation  of  blood 
prevented  by  injection  of  peptones  tn  the  pruportiou  of  0"3  grm. 
for  cuch  kilo,  of  Iwcly-weight  Curiously,  he  discovered  that  wben 
injected  into  the  blond -v  easels  of  rabbits,  no  change  in  tbe  ooagulk- 
bility  of  the  blood  occurred.  When  Fauo  injected  tryptones,  it- 
antipeptones  resulting  from  the  digestion  of  pnxeids  by  trypsin,  into 
the  blood  of  dogs.  u<»  chaise  in  the  coagulability  occurred. 

Fnno  fniiiiil  that  peptone-plasma  could  be*  rendered  ooftcuUble  by 
diluting  with  wntci  and  passing  CO,  through  it.  He  also  discovered 
that  the  lymph  of  autuiafs  whose  blood  hait  been  rendered  unooagu- 
lahle  by  pi-ptones.  is  also  uncoagulable. 

Tba    o&Mi-  When  tbe  researches  of  Kuhoe  and  ChittcndcD  had 

TKUMaMPou  gliewu  that  the  commercial  peptones,  which  had  fur- 
nighod  the  raw  material  with  which  Schmidt-MlUheiiD 
and  Fanu  had  worked,  cousiiited  id  great  part  of  Mtbumosea.  it  becanw 
obviously  necessary  to  repeat  their  observations  with  albumoees  ud 
with  jieptcincH  prcjuiTed  by  the  light  of  recent  rcwarchea.  Accord- 
ingly, lir  Pollitzer,  working  iu  Kiihue's  laboraton,",  undertook 
investigation.  He  fotinil  that  both  albumo»e<t  and  amphupeptoi 
are  posseftsed  of  active  physiological  pniperties,  inaaninch  as 
clasHes  of  bodies  iuduce  narcoaiti  in  dogs  and  cau,  which  is  murh 
more  enduring  in  the  eaue  of  albinnnseiJ,  pmbnbly  in  cnnseoueiKe 
of  poptotius  heiiig  more  readily  elimiuated,  a  result  connected,  douhC' 
less,  with  their  much  <j;rcatcr  dilTiisibility.  Whilst  a  ijufficieallv 
large  dose  of  any  of  thu  albumuses  (somewhat  more  than  OH  gnu. 
per  kila  of  body-weight)  is  inevitably  fatal,  peptone  never  prodaces  a 
fatal  result  so  long  a»  the  kidtieys  of  the  unimoJ  arc  intact  Schmid 
Miitheim  had  fouud  that  alter  the  iujectiuu  uf  his  preparations  tb 
na<^  an  invariable  fall  uf  blood -pressure,  aud  PolHtzer  proved 
this  re-flult  follows  the  iotroductton  of  any  of  the  albumoses  or  p«: 
tones  except  perhaps  antipeptoQe,  of  wluch  tbe  action  is  doubtful 
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'  F«a«,  '  Pu  Vwbftlt«ii  <!«•  t^cplons  vad  Tij-pt^nn  Gogefi  Blot  uod  LfB^W 
Boil  tUjrmond'*  Artktv/.  Jnof.  ii.  PtH/t.     Vhj*.  kbihtQ.  1881,  p.  977. 
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PolliUct  found,  like  Fano,  that  antt|)eptone  is  without  action  on  the 
coagulation  of  the  blood.  Albuniofles  possess  an  action  nliicb  in 
verv  much  more  marltpd  nnd  constant  than  amphopoptonett. 

The  perivtd  during  which  Ibe  bloud  rciimiun  uucuogu lated,  after 
thfl  introduction  into  tbo  circiilittioa  of  au  albumose,  varies  betwe«n 
20  mi(iiit«6  nud  aevemi  duya 

Hetero-ftlbumoao,  in  PolhtjMjr'a  iiands,  acted  moot  uniformly, for  iu 
FBD   cuae  in  which  it  was  used  did  the  hlnod  riot  within  a  period 
I  of  2+    houre   at"tt?r  injection,      Soven    injections    were    made    with 
kmphopuptones.     In  three  the  blood  clotted  normally ;    in  four  itfl 
'coagiiiaiiou  was  delayed  for  10,  20,  30  minuter  nnd  12  hours,  respec- 
tively.    Even  when  blood  is  mixed  with  ttolutioits  of  albiimoses  after 
it  ba.«  been  shed,  the  period  of  coagulation  is  usually  delayed,  aonie- 
ftimea  very  markedly  9o\ 


Sect.  15.    The  Process  ok  Gastric  Diokstiow  in  Diseasb. 

Before  hridtty  glancing  at  the  principal  changes  which  the  normal 
prooeen  of  gastric  dige.stion  cxtiibita  in  pathological  condition!)  of  the 
organiHni  as  a  whole,  and  in  local  sffectJous  of  the  etomacb  itself,  it 
Appears  desirable  to  discus  the  intereistl ng  cpiostiuQ  how  far  gastric 
dij^eetion  is  to  be  conaidcrL-d  prumiDciit  or  caactitial  thiiiougi^t  the 
lOoraona  of  the  atimentnry  (-•ana)  and  of  the  orgauiitm. 
Tbo  pbyncian  in  ho  constantly  brought  face  to  face  with  caae«  in 
which  a  uieru  enfoeblement  of  the  fniiirtionit  of  the  stomach  luadii  to 
prominent  distreRa  and  profound  inalnutrition,  and  with  others  in 
which  a  local  gastric  lesion  reduces  the  pntient  to  a  state  in  which 
life  is  threateDed,  uud  oftt-u  lost,  that  the  lusulbi  of  experinieulB  per* 
formml  upon  the  lower  atiiiualu,  and  now  to  be  described  and  com* 
tMCtited  upon,  appear  litlk  short  of  inexplicable. 


"'6' 


K  The    experiinenta   of  Hcidoohain   hiive  been  do- 

I  A  *"*TJ'**  *  scribed,  in  which  the  fundus  of  the  stomach,  or  its  pyloric 
■  rtS»  rwwwu  ports'*",  were,  as  it  were,  eliminated  from  che  ali- 
I  oCttoatomMh.  uiftntary  canal,  and.  it  was  pointe<l  out,  that  after  tbe.se 
I  experiiucula  the  ammal  oiiea  survived.     The  question 

^kav  to  whether  the  Ktomach,  a«  a  whole,  might,  in  cases  of  cancer,  be 
^Ptiomoved  in  itti  entirety,  cousiMently   with  the  life  of  the  patient, 
therefore    suggested    itself.      Accordingly    Czemy   and    his    pupils, 
Kautcr  and  Scriba,  carried  out  the  removal  of  the  entire  stomach 

»  of  dogs,  and  with  such  remarkable  success  that,  of  two  dugs  u{)crated 
upon,  one  survived  the  operation  for  some  yeant,  regaining  perfect 
htnhh,  iucreajiing  indeed  very  greatly  in  weight,  and  differing  appa- 


■  J.  P^Ulaar,  *0d  Um  P (17*10 UtglAkl  Action  ol  P«puin««  tnd  Albumnpaa.'  IFrum 
Ibn  Ph^BwInR.  Inititnto,  Hudslbttg.)  Journal  of  I'hyiinloffi/.  Vol.  vie  p.  3X8.  A  |i»- 
liniiMry  nolicv  of  tb»  rooulu  announced  in  Ihia  papvi.  *■*•  flrst  publi*bi<il  in  ch» 
V*T)MMdl.  d.  SatvriiM.  Utd.  Vtifin*  ra  UeuUlbrrg,  ^- 1-  ^-  m-  Hfb  xr. 
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rantly  in  nu  respect  from  a  nonual  nnimal,  when  four  ye*rs  aft^r 
the  operation,  for  the  purpose  of  the  investigation,  il  was  killed. 

The  dog  referred  to  was  operated  upon  oo  Dec  22,  lH7(i.  AiW 
the  opetBtion,  the  animal  wa»  only  f«ti  on  small  quantilieji  or  tuilk 
and  powdered  meat,  but  after  two  tiiooths  it  ate  tbo  ordiuary  food 
of  otacr  doga.  BBfort-  the  operation  the  dog  weighed  5850  grnu. 
On  Jan.  SSml  its  weight  bad  fallen  to  44!>0  gniiH.,  but  tt  iticriaeed 
afterwarda,  so  that  on  Sept  16th  it  weighed  7tKlfl  grma 

"  In  Leipzig,  in  the  yoar  ISKt,  Ludwig  and  his  pupil  Ogata  were 
eng^ed  in  investigating  the  fuuction.-«  of  the  stomach.  It  occurred 
to  them  that  it  would  be  interesting  to  learn  what  hod  becntne  of 
Czeruy'a  dogs.  Ludwig  wrote  to  HeidclbLTg.  to  Cseray,  who  aa- 
swi^red  by  sending  the  dug  iu  a  pvrf<fctly  healthy  state  to  Leiniig. 
It  was  iu  excellent  sptrita,  an<l  ate  all  kinds  of  food  with  a  Kcva 
appetite.  The  taeceti  were  nortnat.  In  Konseijnenoe  of  the  ubundant 
food,  it  had  put  on  weight,  and  it  did  not  appear  to  differ  iu  any  way 
from  an  ordinary  dog.  With  Czerny's  consent,  the  dog  was  killed  in 
the  spring  of  IbSt.  The  post-mortem  shewed  that  onh*  a  very  small 
portion  of  the  cardiac  end  of  the  stomach  remained,  and  this  was 
ttilatcd  into  a  small  caWty  Jilled  with  food.  The  dog  had  therefore 
lived  fur  mortt  than  five  years  without  a  stomHch',"  ur.  to  be  more 
preciee,  with  only  a  small  remnant  of  it«  original  stomach. 


Ocatft'S  OXIMTl- 

msnu'. 


Ogata,  working  under  Ludwig's  direction,  instead 
tif  having  recourse  to  the  fonuidahle  operative  pro- 
cedure 01  Czerny,  established  a  duodenal  (i$tula,  vrbich 
permitted  the  introduction,  through  the  fistula,  of  an  india-rubber 
tiall.  connected  with  a  tube,  which  allowed  of  the  ball  being  dis- 
tended with  water,  eo  that  it  shut  oflf  the  stomach  from  the  duo- 
denum. It  was  then  pofisiblc  to  introduce  alimentary  eubKaooe* 
into  tlie  (luodeijiim. 

It  was  found  that  the  introduction  of  pounded  egg  and  miticed 
flesh  into  the  duodenum,  twice  daily,  sufiiced  to  keep  the  animal 
experimented  upon,  iu  health,  and  up  to  weight.  Ogata  found  that, 
in  the  main,  digestion  proceeded  as  usiial.  there  being  however  some- 
what le-'is  perfect  digestion  of  connective  tissue. 

These  extmordiiiary  resuU-a  are  in  agreement  with  the  knowledge 
which  we  possc-i<>«,  thnt  the  stomach  oisehnrgefl  digeative  fuuctioni^ 
which  an,'  ^ihared  by  other  organs,  and  pruvc  that  in  animals  pc«- 
MSsed  of  great  vitality,  the  failure  of  one  organ  may  lead  to  such 
compentiBtory  over-activity  of  the  cooperating  organs  as  suffices,  for  a 
time  at  least,  to  shield  the  organism  from  evil  coaHeiiuenoes. 

'  P.  P.  K»iM<r  in  Cuerny'*  BtilrUst  tar  pperativm  CkintrffU,  l^TB,  p.  t-ll. 

Thif  MC«anl  «(  th«  tipcriouenta  of  Cxetuy  and  hia  pupiU  u  quoted  boot  the 
iutvie»>tiiiKly  vritten  ai^cbiint  in  lluQKe'e  admirsklo  '  Tcxt-ltook  on  PlijriialogkA)  uJ 
PaAologi<«l  ChMtiMbT*.*    London,  Kegati  Paul  Knd  Co.  1^00.    B«a  Lwst.  tx.  p.  167. 

*  O^ta,  ■  U«ber  A»  Terdantinft  nucli  der  AiiHvdialtung  d«*  Magwu^*  Jmlti^  J. 
jIiui.  M.  fAy*.    Phft.  AbtbeiL  (lW9i.  p.  «ii. 
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WliUst  these  results  in  do  rcttpccl  justify  the  cnncltiston,  opposed 
U)  all  our  «xperieui-i5.  that  tbu  tttomach,  in  man,  plajs  but  an  unim- 
portaDt  part  iu  digestion,  they  serve  the  valuable  purpose  of  impres- 
ung  upoQ  our  iniiultt  the  great,  p«r^^  the  paramount,  impoTtAoce 
v(  the  pancreoa  tu  digeation. 


Httthod*      of 

■••trie  JolM  or 
Xh*  mlxad  MD- 
l«aU     ot    tlw 

rtomacb. 


The  Oaxtric  Jkics  in  IXaease. 
Our  iufdiniation   of  the  changes  which 


uccur  m 
digestion  in  disease  are  derived  iti  great  part  either 
from  the  exuuiiuation  'jf  the  etuioach  contents  obtained 
hy  the  act  ot"  vouiiting,  or  hy  eolkcling  iLe  gastric 
juice,  more  or  less  mixed  with  water  or  with  portions 
of  food,  either  by  employing  the  stomach-pump  or  a 

flexible  hollow  gastric  sound,  to  empty  the  stomach  some  time  after 

food  has  been  taken. 

In  the  accompanying  iltustrations  are  elicwQ  (1)  tbe  process  of 

washing  out  the  stomach  by  means  of  the  stomach-pump  (Fig.  10), 

<2)  a  stomach  tube  or  gastric  sound  (Fig,  1 1 ), 


\ 


Fu.  10.    Tn  urr  or  Kunrwa  nrB  Stmuod  st  xxxxt  or  imi  SroiuoB-pciir.  (Hkw.) 

By  appropriate  manipulation  of  the  two>way  oock,  wftt«r  or  other 
liquid  may  be  aspirated  from  the  b&aiu  and  thereafter  pumped  into 
the  stomach,  and  Hubeo()ueDtly  aspirated  from  the  etoinacli  and 
ptunped  into  the  basin;  the  latU-r  operation  in  represented  in  the 
figure. 

The  gastric  sound  was  Bmt  employed  by  Leubc'  and  KUlz*.  and 

>  Lnba.  Anhttf.  kUtt.  Mntif.  Vol.  88.  188S.  1.  Jlttta  to  Wn  utiolB  in  Ziommua'a 
llanMmth  if.  ip«.  Palhvl.  it.  Thtrapir.  AUo  Slnungiltrrlehu  tt.  phijt.  mrd.  Soelel/tt 
»  Brhnffit,  1871.  Hft.  3. 

•  KBIk,  DtuiKht  '/.riiMfhnfl  f.  prukt.  Mcit.,  187B,  No.  37. 
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has  since  been  giently  employed  on  the  Continent  of 
Europe  both  tor  ma^ostic  and  thorapeiitic  niiriioites. 

Tne  sound  consists  of  a  aoft  india-rubber  tube,  of 
About  the  Rnmc  thick nP89  as  a  stomach -nump  tiibtt, 
the  inner  or  stoiuacli  end  of  which  is  ruuudvd,  and,  ut 
8.  short  distanct!  from  this  end,  it  h  perforal^id  by  a 
bole  trlirougb  which  the  fluid  piUfics  into,  and  out  uf,  the 
titoma'Cb. 

This  pipe  may  be  attached  to  a  funnel.  The  tube 
being  inserted  into  the  stomac-b,  lege  artia,  exactly  as 
a  storaach-Tumip  tube,  some  water  is  poured  into  the 
fiinne],  which  is  held  at  tliis  time  in  aa  elevated  pusition. 
Ou  now  depressing  the  fiiuuel  tlie  contents  of  the  stomach 
will  be  syphoned  off  and  accumulale  in  the  funnel.  An 
ingeoiouii  sypbou  for  wa«hing  out  tbe  stomach  is  shewn  m 
Fig.  12. 


Fra.  19.    Stpeox  pok  wjiiiiiuig  out  tbb  SiouAcn.    (Uaw.> 


It  is  obvious  that  with  the  help  of  such  contrivances 
varioun  kinds  of  observations  may  be  perfonued;  as,  for 
instance,  we  may  collect  the  stomach  cont«ot8  mixed  with 
a  small  quantity  of  water  a  known  time  after  a  so-called 
test  meal;  we  may  collect  the  stomach  contents  at  any 
time  after  the  ordinary  meaU ;  or  wo  may  waah  out  the 
stomach  with  pure  water,  or  water  coataioing  various 
agents. 

maait  '"  experimenting  on  the  digestive  powers 

of  the  aiomach  in  diBease  it  i.s  very  usual 

with  some  clinical  observers,  especially  in  Germany,  to 
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CUI8C  {WtieDtB  to  take  the  (#rt  ineals,  above  referred  to,  and  then  to 
exaniiiit;  the  ittuDUwh  contcnte,  coiutisting  nf  ga.<(tric  JuIcl-,  utiUigeiiled 
food  and  products  of  <lJge3lioa,  one  or  several  hours  aflerwardu. 

The  test  meal  in  administered  on  an  empty  stomach,  Bwald' 
employs  for  it  a  dry  welt-buttercd  roll  with  water  or  weak  tea. 
Leube  aud  Riegel  employ  a  m^eal  of  "  Wosser-Suppe  "  "  Ories-Suppe  " 
and  meat. 


I 
I 


On  the  bifiuence  of  Chaises  in  Ike  Acidity  of  the  Oaatr-ic  Juict 

in  Disease. 

Amongst  all  the  changes  which  the  gastric  juice  exhibits  in 
diteaae,  moditicatlous  in  the  quantity,  as  well  an  iho  nature,  of  the 
acid  which  it  coiJtaiuK  occupy  the  first  place.  All  general  uffectioaa 
of  the  oi^anism  profuundly  depresaing  its  autritioo  :  the  conditiou  of 
pyrexia,  whatever  it«(  origin  :  the  zymotic  fevers,  etc.,  wliiliit  all  tend- 
ing to  diminish  v-r  arrest  the  secretiou  of  gastric  juice,  are  likewise 
Bssociatod  with  a  dimiiuitioQ  in  the  amount  of  acid  which  it  contains. 
Several  of  the  functional  and  organic  dis«a.<!iei<  i^fthe  stomach  seem  to 
lead  tu  the  secri'tiou  of  a  gastric  juice  abuoniLally  deficient  in  its 
normal  acid. 

The  secretion  of  such  a  gastric  juicu  ht  often  the  starting  point 
for  a  series  of  phenomena  which  profuuudly  affect  the  processes  of 
digestion  in  the  stomach,  as  well  ns  the  organism  as  a  whole. 

First  and  foremost,  the  function  of  the  acid  .  .f  the  gastric  jiiiw  is, 
I  wo  have  seen,  to  cooperate  with  pepsin  in  the  process  of  proteo- 
W.  Next  to  this,  the  acid  discharges  another  function  of  which  the 
importance  to  the  organism  can  scarcely  be  exaggerated,  viz.  an  aoti* 
septic  and  a  disiufectiug  function ;  for  it  would  appear  that  the 
ntmarkable  antiseptic  and  deudunzing  properties  of  too  giutric  juice 
are  intimately  aaaociated  with,  ami  dependent  ujxtn,  its  acid. 

We  are  continually  intnidiicmg  with  <mr  fodd,  int«  our  organism, 
moulds  and  yeast.4  and  haeteriu,  which,  hut  for  the  action  of  tlio  acid 
of  the  gastric  juice,  would  set  up  fermentations  of  various  kinds, 
or  whicn  developing  within  the  organism,  would  be  the  cause  of 
nunidroua  zymotic  diseases  from  which  we  are  more  or  lees  protected. 
Amongst  the  numemus  protective  agencies  which  are  at  work  pro* 
serving  the  organinm  against  the  inroads  of  putrefaclive  and  putbo- 
genic  bacteria,  the  influence  of  the  gastric  juic*  must  therefore  wot 
DO  lost  sight  uf  or  unden-at«d. 

Bunge  has,  in  his  Text-book,  discussed  in  his  liBhitually 
iut«rtw1iiig,  vrij^nml  aud  iiistnioliw  uiniiiK'r,  tliu  uapibU 
importance  of  the  acid  of  the  giiHtric  juioe,  arguing  thut  thv  uiili»r[itiG 
aetiun  uf  tbe  Juice  is  even  more  important  than  its  function  m»  n  prutso- 
lytic  sgvut.  Uauya: — "A  atrung  puint  iu  fuvour  of  thu  view  iluit  lb« 
atiuneptio   action  of  the  gHHlriir  Juioc  coiintitutes  ito  cliitif  iuifiortiiiioe  is 

'  8m  v.  Jscluwli,  Clinical  Diagnotit,  p.  104. 
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found  id  the  (act  tliut  in  &  whole  Hcries  of  the  lower  luiimals  iht  oom- 
menceiueiit  of  tlie  alimentary  canal  secretes  a  fluid  very  rich  in  miocnl 
a«id,  but  containing  no  ferment  and  baring  no  special  action  OD  the 
food'."  In  illiutnition  of  hi«  view,  Biinge  rcfent  to  Uie  nMnarkaljI«  otxer- 
vaiioiLs  titvL  made  by  Troechel  and  Boedeker',  which  werv  aftorwanb 
fully  confirmed  by  de  Luca  and  Paiiiti-i"  on  the  ncid  secretion  o(  Doliuin 
i;altHi,  which  will  liu  rcfi^rrcd  lo  in  detail  in  a  sulrxKjtieut  nt!C'tii<u  o(  the 
preienl  volume.  It  KppeiiFs  Co  th«  Author  that  whilst  th«  value  of  iKe 
germicidal  and  aiitiHeptic  action  of  tlie  gHstric  juice  rests  uiioil  well-ftacn- 
tuined  S»ota  and  cannot  be  gainonid,  yet  the  estimate  formed  by  ProfoiKK' 
Bungc  aa  bo  tlie  preponderating  tin|)or(anc<?  of  thiti  function,  ooDipnrod 
with  tbEi  proteolyttL*  action  of  the  gastric  juice,  ia  an  exaggerated  m& 
The  acid  necretii>u  iti  DoUum  aiid  other  iuvertebnttes  is  rehited  to  tti«  ex- 
ternal i-eiiuircinuutti  uf  the  cnwtni'c,  and  not  to  itn  (lig«9tive  acta ;  il  enaltlei 
it,  in  iU  uearch  fur  abode  Hud  protection  U)  erode  the  chalky  formatiotia 
wltioh  surround  it,  and  we  may  nssume,  perltapa,  that  it  also  fami&bea  it 
with  a  chctuicat  ogt-nt  of  onisncK  »ud  tlRfenca.  May  we  not  to  the  acid 
■eoretlon  of  Oulium  me  an  analogy  to  thu  venonioiia  secretions  which  ch«- 
rocleruiQ  ao  many  vertebrate  and  invertebmte  animals?  If  indeed  w« 
determine  to  ctitablinh  our  opinion  a^i  to  the  n^lative  important  ol  the 
various  functions  of  tht>  alim<iiitHry  cnim)  oii  th<^  1tt«ig  of  coin|iarativ« 
physiology,  we  shall  hv  forced  to  a  concliiHion  vKry  differant  from  that  of 
I'rofnwor  J)iing«.  The  characti'iinlic  digestive  prooesa  in  inTertobrata  ta, 
aa  we  shall  Kee^  oivo  which  pn)ce«dN  In  alkaline  and  not  acid  media,  and 
which  beera  moot  resomblance  to  the  jwncrtuitic  digmttion  nf  vert«bratm. 

« 

AuttHptlc  ^  series  of  interesting  roaeaiclies  has  been  cfttriod 

acuoa  of  sas-    *^^''  ^°  which  the  anlieeplic  action  of  the  gastric  juice 
trie  ]nic«  ia-    is  indiTCctly  estimated,  under  various  conditiona.  by  a 
auoaMs      Ui«    Btudy  of  the  urinary  coastilneuts. 
aetDere^  aoi-  \Vlien  discussiuc  the  putrefiwUve  chances  which 

occur  in  the-  iiitL-stina!  canal,  it  will  be  pointed  nut 
that,  tt8  a  result  of  the  action  of  putrefactive  bacteria,  there  are 
formed  ct^rbain  phenols,  of  which  the  chief  are  phenol  and  creaol,  and 
particularly  two  well-characterised  bodies  of  foul  odour,  Indol  and 
skatoL 

The  bodies  which  have  been  oamed  are  in  jmrt.  excretetl  in  the 
faeces,  but  in  part  are  abet'tbed,  and  entering  the  blood  ari*  excreted 
as  constituents  of  the  urine,  in  the  form  of  ao-cnlle<l  ethereal  sul- 
phates. ThuR  phenol,  CU,.  OH,  i»  principally  excreted  as  pbenol- 
aulpburic  ocid.  C,Hj.  ObO.OH  :    cresol    (methyl-pheuol)  as   creaol- 

aulphuric  acid,  C^H^ ,  qc^  qu.     Indol,  0,H»^  \H~  " '    '  '*  ^'  ^^  *" 

'  Bungo,  Phj/tiohi/ir^l  ami  Palhohyival  ChrmiiCry.  Eogliith  tnaslatioD.  Vol.  U 
p.  158. 

>  Tmeebol,  PoKftunilurflu  An$uilrn.  Vul.  xciii.  11844),  p.  6U.  and  Joirm.  /,  praJa, 
C'licmff.  Vol.  i.»iM.  ll!*.'.4),  p.  no. 

'  lie  Luca  et  Pniiccii,  Compir4  Ittndu*.  Val.  lit.  (Itl87).  pp.  ft77  and  71S.  An  ab> 
stmct  uf  Hhvte  reacaicbei,  writutn  by  the  Author,  appeared  in  tlu  AM  volaaae  of  tbc 
Journal  oj  Atiattim^  imd  i'hyti'oluj/y. 
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oooverted,  in  tlie  organism,   into  indoxyl  C,H,^^rr  __    -  ■       ,  and 
this  body  enters  tbe  urine  as  indoxyl-siilphiiric  acid. 

Similnrlv,  skatol   (^-methyt-indol).  a.  body    characterifled    by   a 

foetid,  foL'tal  oduur  C^H,.  -jJ-y,       _    ~    '    ,  after  conversion  into  skat- 

oxyl,  is  excreted  chiejltj,  a-s  skabiixyl-Hulphiiric  acid. 

By  repented  investigalious  it  has  been  shewn  that  when  the  con- 
tcntn  of  the  inletttinal  canai  are  diHtnfectcid.  as  by  the  administmtioii 
of  calomel,  naphtbalin,  /S-iiaphthfll,  <&<!.,  the  excretinn  of  the  oth^r^al 
sulphates  by  ttie  kidneys  ceases.  Resting  oii  tlie  basis  of  these  facts 
are  the  investtgatinns,  now  to  Ije  nfcrrod  lit,  in  wliich  the  dis- 
inffctiog  actiou  of  tlie  gastric  juice  was  determined  liy  the  estimation 
of  tho  othert-al  Riilphatt-s  of  the  urine. 

Wasbutxkt'  determined  the  ratio  of  the  quantity  of  stiilphuric 
acid  present  in  the  form  of  ethereal  sulphates,  to  tlic  total  (|iiaiitity 
of  fiidphuric  acid  in  the  urine,  in  a  series  of  cases  where  abnurinal 
fenneutatii>[)H  uccurrvd  in  the  slonioob.  In  thcso  ca^os  lie  also  dctor- 
iniuud  the  nature  and  aiimuiit  of  ihe  acids  in  the  gitstric  juice.  He 
found  that  the  ethereal  Kulphaten  were  increased  in  anionnL  in 
caseit  of  acid  fermentationB  of  the  content*  of  the  stomach  due  to 
bsicterial  action,  the  hydrochloric  acid  of  the  gnsLric  juicu  being 
either  absent  or  in  greatly  diminisWl  amoiiuC.  In  eases,  however, 
of  fermentations  due  to  tiic  dcvelopcmcnt  ai  tariila  in  the  stomach, 
he  found  an  abiieDce  of  ethereal  suiphatea  in  the  urine.  In  these 
cases  the  ^tric  juice  was  abDOTmatly  acid,  and  contained  an  cxce«s 
of  hytlrochloric  acid.  From  Wasbutzkt'ii  reaearchea,  it  would  appear, 
however,  that  large  quantities  of  lactic  and  butyric  acid  in  the 
stomach  contents  may  exert  the  same  influence  on  the  pntrefaclive 
bacterial  processes  in  the  alimentary  canal  as  ia  normally  exerted 
by  hydrochloric  acid, 

A.  Kast'  attempted  to  dotcrmioe  (he  autiaeptic  action  of  the 
gastric  juice  by  administering  »uch  quantities  of  alkalies  to  healthy 
men  as  snlUced  to  render  their  urine  neutral  or  a)kaline.  He  found 
that  under  thiH  treatment  the  nitin  of  the  ethereal  sulphuric  acid  to 
the  total  quantity  of  sulphuric  acid  excn-ted  wa.<i  largely  inrreasnl ; 
and  that  whenever  the  nciiiity  of  the  gastric  Juice  was  more  or  leiui 
diminished,  the  etfect  wha  made  obvious  in  this  way. 


*  31.  Wubotzki.  '  Uebpr  d*n  Ritifln**  von  UM;i>ii|(ilinui4tcii  »xtt  di*  Fi>tiIuii»wor- 
gKoRH  tm  Itarmouiaie.'    Arrhivf.  txwHwi.  Patkalof.  u.  Fhtirmakoi. 

*  A.  Kul,  *  Ucber  die  qa*Dtilati*e  BraMMuaii  dor  •titUrptmchrn  Li-islnnit  At* 
UagBSMlf U«. '  Ftiltrhrifl  t.  ErAfitunff  4.  AOgfia,  tirankenhtivtr*  im  Ilamhurg-Kpi>r»- 
dorf,  ISM  (f^p.  AM.).  AbBtTMled  bv  ProfaMor  AndrMudi,  ia  Uilfi  Jahr<fl>tri^lit 
for  1809.     V(.l.  XII.  p.a7]. 
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It  is  throiigli  failure  to  arresi  the  dovelnpemeot  of  the  orgauiBma 
which  are  the  ca.\im  of  acetic,  lactic,  butyric  and  siiriiL-tr  ferruentatioos 
that  the  feebly  acid  gastric  juicu  secreted  iu  morbid  conditiooa  <rf  ibc 
organism  and  of  tlie  stomach  react3  injunoiialy  ujwu  its  fuuctioos, 
hnngiDg  ahout  catarrtin)  conditimis  which  are  asKuciated  with  various 
dyspeptic  manifeatatious.  Amongst  these  manifestations  ore  promi- 
nently obeerv«(l  i«uch  as  are  due  to  the  action  of  the  urgaiiic  acids 
which  are  the  proUucta  uf  abnonual  fcrmCDt&tions. 

Kwald  pointed  out  that  the  hydrochloric  acid  of 
normal  gaairic  juice  poHsessed  the  property  of  checking 
the  prodwctioii  of  lactic  and  acetic  acide-  Hia  state- 
inenlM  have  received  confinnation  from  the  rosearchea 
uf  Hirsclifvld'  and  of  Kelix  0.  Cohu. 
The  former  writer  aildcd  artiticial  giustric  juice,  containing  varying 
quantities  of  hydrochloric  acid,  to  culture  aolulions  which  had  been 
inoculated  with  liacill.  acid.  lad.  {Plueppe)  or  with  aoiir  milk,  and 
itcrmiiicd  by  titration  the  quantity  of  lactic  acid  formed.  He 
ud  that  from  001  to  0"02  por  cent,  of  HCl  sufficed  to  elow,  very 
powerfully,  the  developeinent  of  lactic  acid;  the  same  effect  was 
observed  iu  the  coae  of  ttie  acetic  feruieututiou. 

Kc'Ux  O,  Cohn',  from  a  series  of  experiments  similar  to  tbuou!  of 
Hirscbfeld,  arrivi^d  at  the  following  coucluaions:  IM.  That  pepsin 
does  not  inhibit  the  formation  of  acetic  and  lactic  adds.  2nd.  That 
even  mere  traces  of  hydrochloric  acid  binder  the  acetic  fcrraeutatiou. 
3rd.  That  whiUt  hydrtj^^hloric  acid  tiindem  the  developemeut  uf  the 
lactic  fermuutatiou,  as  much  as  07  per  cent,  ia  retjuired  iu  order  t^ 
arrest  it. 

A  considerable  number  of  bacteriological  investigations  have 
heen  made  ou  the  micro-organisms  which  occur  ip  the  healthy 
human  stomach,  but  the  results  have  boco  by  no  means  concordant 
Capitan  and  Moreau*  found  only  three  micro-organ  isms  in  their 
examiuatioiiE  of  the  stomach coutontb  of  thirty  h<:alttiy  human  beings; 
two  of  these  Drganlsms  were  varieties  of  veust  and  one  a  bacillue, 
somewhat  broader  than  the  tubercle  bacillus,  formiug  colonies  and 
liquefying  gelatine.  Abelous*.  on  the  other  baud,  Huccecded  In 
discovering  1 6  micro-organinras,  of  which  7  are  known,  to  wit, 
Uaicina  vejitriadi'',  BacUius  j>yocy« luJiwi,  liactei-ium  lactis  am'ogenes 

'  Enay,  Brtlhifr  klia.  iFtKh'ru(hri/l  1i*HB,  No.  48. 

^  B.  Uirschfeld,  'Uabevdis  Einwiiktingd^iknoBtlielun  M^euMfUa  kof  EnutiiiiM- 
Bnd  UileihMiur«eBliTUD|j.'     FjtUftr's  Arehn,  Vol.  xi-vii.  610    54'J. 

'  PollK  O,  CohQ,  *  Ueber  die  Kinwirkung  dtM  kUiutLclivn  UftnaDMittM  mat  KuLj- 
iiiure-  UDil  Milch BAure^iihruiii;,'    Xfiuehrifi  f,  /th^twlup.  Vtifmit.  Vol.  iiv.  74— 1U6. 

*  CupiUUi  ot  Muruuu.      L'oinptet  lieitiluM  lU  In  fiarul(  lit  liiulojfit,  4t.  3a. 

*  AbeluuE.     Cvriiplet  iletKlun  dt  Ui  SacUli  lU  biiAvgU,  it.  DC 

"  Sarcmn  vealnotili  r«ceiv«4  tbe  diuud  wliiob  it  now  b«*n  boiB  Jofao  OooJair,  nbo 
fint  di«iMivi>r<'d  It  In  tlie  vomht«d  uuttun  of  MrtKio  CAMa  «f  iyt^vgm%  ytdinbutgh 
Utditul  and  Sarffieal  Jirurnal,  Vul.  li'ii.  (ISl;)  [j.  4S0|.  Suriuua  is  Ml  alg*.  and  afMr 
iu  diaeovi^'  by  Ouodiiir  whb  cecogniMxl  u  idonlioal  wiUi  lliu  klyk  diMMWnd  bjr  VoD 
Maiycii  ill  1H.39  Htid  lULmiul  b;  him  ilrrumopfdm  pnnetatm  (sm  AnieU  *T«rd»uiuig'  in 
Wngttuir'n  liandicOrlcrbiicti). 
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(voQ  Eschricht),  BactUua  svbtUxs.  B.  mtfcoiiUs,  B.  am^lvbaeter, 
Vibrin  rugula ;  in  ftdditimi  tu  these  well-known  organisQis,  there 
oociirred  also  one  coccus  aod  eight  bacilli.  All  Uinse  orgsQtsme. 
according  to  Ab«loiis.  resist  the  actiou  uf  artificial  gaatric  juice, 
containing  I  7  per  thomaoH  of  HCI '. 

The  action  of  the  g'asLnc  juice  ou  pathugeiiic 
orgnnisins  naturally  offers  tbo  f;freatcst  intorost,  and  hog 
been  the  -subjeirt  of  man;  investijjationH. 

Amongst  the  first  to  deal  witli  ttie  subject  tn  a 
thoroughly  watisfacton'  manner  were  Falk  and  F^ank. 
Falk'  found  that  tlie  Bacillufi  anthracia  (tho  pathogeaic.  orsraniam 
which  nccasions  the  ao-f^allcd  'splenic  fever'  of  cattle.  '  Milihrand' 
or  •  Charbon  ')  is  nut  acted  upon  by  thn  sftliva,  the  pancreatic  jiiiee  or 
the  bile,  but  that  it  is  readily  destroyed  by  the  actiou  of  the  gastric 
jaice,  although  the  >)riorcs  which  the  bacillus  may  contain  usually 
escape  destruction.  Falk  fuuiid  that  the  Tubercle  bacillua  was  not 
affccU-d  by  any  of  the  digestive  juices,  iucluding  the  gastrie  juice, 
though  it  readily  KttccumbH  to  the  piitrefarttve  proct-ss. 

Frank's  researches*  fully  corroborated  the  ob-wrvationn  of  Falk, 
both  in  the  case  of  the  Tubercle  bacillus  and  in  that  of  the  B. 
anthmciH,  and,  like  Falk,  Frank  came  to  the  conclusion  that  the 
action  of  the  dilative  juices  opposed  no  very  general  nud  effectual 
roftistance  to  the  inroads  of  infecting  pathogenic  organisiiis. 

Since  tliQ  dale  of  thcstt  rcaearchas  many  obarrvers  haru  ex- 
perimented in  tbe  eame  direction,  and  with  the  more  interesting  of 
their  results  vc  shall  now  deal. 

The  experiments  and  observations  of  Nicati  and  Rietsch  and  of 
Koch  himself  have  established  that  the  Cotntna  bacillus  of  Koch, 
which  has  now  been  proveil,  beyond  the  poiwihility  nf  <loubt,  to  be  the 
pMbogenic  orgnnisni  of  Asiatic  cholera,  is  readily  destroyed  by  the 
action  of  the  gastric  juice,  and  indeed  by  dilute  solutions  of  hydro- 
chloric acid.  We  are  thus  enabled  to  explain  satiBfactorily  the 
difficulty  which  ha«  been  experienced  in  communicating  cholera  to 
AoimaU  (and  even  to  mac)  by  the  admioistration  of  pure  cultures  of 
the  Comma  bacilhia.  The  experimeDts  of  Nicati  and  Riet^cb'  have 
however  shewn  that  if  the  stomach  be  wa?tlied  out  with  alkaline 
solntinns,  no  ax  to  abolish  the  acid  reaction  imparUtil  to  it  by  the 
gastric  juice,  the  introduction  of  cultures  of  the  Comma  bacillus  is 
in  some  cases  followed  by  the  invasion  of  symptoms  akin  to  those  of 


■  Tbs  nadsr  msj  wiab  to  Tofai  to  a  p«pvT  by  W.  do  9uy  ODtitl«d  '  BeitrbRit  sor 
Kaaotain  in  aipdertti  OrBaaumm  ia>  UiSMiinhftlw.'  Afthie  f.  trp.  futlMt.  uiuf 
Phanukolcait,  Vol.  u  HS»&),  p.  24S. 

*  Falk  'UobcrdM  VurliallsD  •ron  Inf^ctiomstogfrn bn  Vwrffcanagwiaaala,'  Ttichuw't 
AnUv.  Vol.  scut  (1888),  p.  117. 

*  Ivdmand  Frank  'Viib«r  daa  VcrtialUn  von  Intotlanutotfm  ft^nfllMt  in 
Venlaaiin«HUten.'  ItfuUfhr  Mtd,  Woehmtrhri/t.  1881.  So.  W). 

*  W.  Niuti  and  H.  KlotMh,  Rnm  Oeitiii.  IHM,  p.  CM;  Cmifta  Hemdua,  Vol.  XCB. 

p.  ni. 
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cholera;  the  same  result  follows  tlis  introduction  of  pure  cultures 
into  tlie  intestine.  Tliese  intereatiug  facts  appear,  at  first  sifjbt,  to 
stant!  in  opposition  to  the  belief  or,  rather  we  should  say.  to  the 
tleri»ive  experience  of  the  mogt  cjireful  and  tntittworthy  obsterrere, 
that  the  cuiilaffiicm  of  cholera  is  in  general  iutiWuced  into  the 
organism  through  the  alimentary  canal.  A  litllo  reflection  will, 
however,  readily  dlspust-  of  the  appUirL-nt  iiicmisiBtency  bclwcuu  the 
reuulu  of  the  expmineutul  resunrL'hus  of  R.  Koch'  and  of  rJicati  and 
Rielsch  a.ud  the  cxpcrioncu  of  physicians. 

Drinking  water  contaminate  J  hy  the  dejectioos  of  cholera 
pntioDtfi  appears  to  be,  in  the  immense  majority  of  cases,  the  medium 
of  Lufeetion.  Witter  i.s  continnnlly  intrndnc-ed  into  the  Htomach  at  a 
time  when  digestion  is  in  abeyance  and  tlie  or^nn  free  from  gastric 
juice*  moreover,  the  dilution  which  any  tmr-o  of  aoid  must  undeivo 
wlieii  cuiiaidcrablu  quantities  of  water  aro  drunk  will  eventually 
serve  to  protect  the  cholera  bacilli  of  which  the  water  is  tlw 
vchit-le. 

The  bacilli  which  are  apparently  directly,  or  through  the  products 
of  thtiir  vitul  activity,  the  matefies  morbi  of  typhoid  (it.  typhi),  of 
diphtheria  ( Loftier 'h  B.),  and  of  tetanus  (B.  tetani  of  Kita«ato)are  all, 
apparently,  bjurioualy  affected  or  d«stn>yed  by  digesttou  in  gastric 
jaice.  In  the  presence  of  albuminous  siib.4tances,  the  hydrochloric 
acid  of  the  gafctric  juice,  which  combines  with  them,  loses  lo  some 
extent  iti^  efficacy  as  a  genu  destroyer,  atid  the  organisms,  above 
referred  to,  may  thus  retain  their  path^jgeuio  activity. 


QASTBIC  UlClilHTlOX   \S  SPKCIAI.  Dl.-lICASfiS, 


1.     Gastric  DitfesHon  in,  Peverg. 

Tills  hrts  been  made  the  subject  of  experimental  inquiricft  and 
direct  obaervatious.  We  may  say,  iu  general,  thai  in  febrile  afTucttons 
the  (juautity  uf  gastric  juice  is  diminished:  that  the  hydrochloric 
acid  is  often  idtogether  absent  or  very  much  dimiuisheu :  that  the 
pcpfiiu  on  the  othei-  hand  is  not  altered*.  The  reaction  of  the  gastric 
juice  wa»  -sometimes  found  neutral  or  even  allcnline  (IJffeltnann),  and 
in  a  case  reported  by  von  den  Velden*  the  acid  reaction  wae  due  to 
lactic  acwl  (the  case  wa-*  one  of  tj'phoid). 

With  these  rtiniilts  agree  well  the  foctA  ascertained  by  ilanasMiD*, 
who  miide  animals  tebrile  by  injaciiug  putrid  matter  into  the  blood 


>  H.  Kocli,  DmiUclu  mtd.  trurkmiehri/t,  ia«4.  No.  4&. 

*  Loube.  yolkmaaii's  klin.  Voitmgt,  Ho.  63. 
»  Berlin,  hlin.  WoehcniehTift.  1877.  No.  it. 

•  Vinhow"*  .Irchiv.  Vi>l.  60,  p.  418. 
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and  found  that  (he  collected  gastric  jaice  only  possessed  digestive 
properties  when  HCl  wm  added  to  it. 

More  recent  observatioua  however  shew  tbal  there  are  ex- 
ceptions. Sftssezkia'  exflmined  the  g:afltriic  juice  in  nine  persons 
suffering  from  febrile  alTpctiniiH  and  found  the  HCl  only  very  much 
dimini^thed  in  those  rasfs  where  there  was,  besides,  a  very  iimrked 

LdyspepsiH,  Ediiiger'  examined  several  cases  of  fever  (one  case  of 
typhoid  with  vomiting,  two  cases  of  recurrent  fever,  and  one  of 
interuiitteut)  ami  founu  bydrocLloric  acid  present  in  all. 


2.     Gastric  D^otion  in  Dyspepsia. 


CUnwatly  oonfiidered,  dyspepnia.  or  indigestiim,  denotes  a  complex 
of  symptoms  common  fo  various  disonlers,  cihiLnicterized  jtrincipally 
by  abnormalities  in  tlie  gastric  digestion.  Having  regard  to  tliesE^ 
symptouiB  we  may  still  adhere  to  the  lime-honoured  classilli^ation 
of  dyspcpsta  into  flatuk-ut  dyspepsia,  acid  dyspepsia  and  atonic 
dyKpepsiiL 


ruttomt 

Drcpsptfa. 


The  causes  of  this  form  of  indigestion  are  numerous, 
and  may  be  due  either  to  an  improper  diet,  either  as 
regards  quality  or  quantity :  to  acute  or  cbrontc  catarrh  of  thr> 
stomach,  to  atrophy  of  the  glandular  elements,  changes  in  the 
maacular  coat,  presence  of  ulcer,  cicatrix  «f  an  ulcer,  or  cancer  of  the 
Momach,  to  a  diseased  condition  of  other  parts  of  the  digestive  tract 
(iiksufficient  mastication,  di«>tiirbance8  of  salivary,  pancreatic  or 
biliary  secretion) :  to  general  diseasos  (anaemia,  gout,  tubercidasis). 
or  to  diseases  of  other  organs  (diseases  of  nterus.  cardiac  diseases, 
nervous  disorders). 

'Vho  changes  in  gastric  digestion  are  duo  to  formontativc  changes 
which  the  ingested  food  undergoes  and  axe  brought  about  t-itlier 
by  the  character  of  the  food,  the  iiiNufliciency  of  hydrochluric  acid  in 
the  gastric  juice,  or  the  prolonged  stay  ^f  the  food  in  tlic  stomach : 
hence  this  form  of  dyKpepaia,  when  very  marked,  ie  almost  always 
associated  with  diUtAtiou  of  the  stomacli. 

The  only  points,  which  wc  need  consider,  concern :  (1)  vomited 
matter,  (2)  condition  of  the  Kastric  juice,  (3)  flatulence. 

1,  Vomited  matter.  Vomiting  is  a  usual  symptom  of  this 
form  of  dyspcptiiu ;  if  but  little  dilatation  of  the  stomach  existit.  the 
vomited  inutteni  are  small  in  quantity,  cuusist  of  food  either  uo- 
AJtered  or  often  in  a  at«te  of  fermentation,  frothy  and  smelling  of 
yonrt,  or  of  an  acid  or  rancid  smell ;  sometimes  there  is  an  admixture 
of  bile,  at  other  times  of  ma^es  uf  inucus. 

UicToscopically  we  Hud  lar>;e  niaxses  of  sarcina  and  of  torula. 
besidea  the  elements  of  undigested  f<xid. 


'  flatdiest'  dyspepsia. 
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Chemical  examination  slievg  the  T>rc«cDCc  of  oeeUP,  lactic,  aad 
butyric  acids.  Tlit:  bydruchloric  acid  is  cichcr  alUigctbcr  alwcDt  or 
present  uuly  in  Bmull  quuiiUlies;  ptpsia,  acconiiuK  to  KuBsaiaiil, 
is  always  pri'arnt.  Kiis.vnmiil  found  it  abwnt  ttaW  in  one  case,  in 
which  encirtnouK  tiia^svfi  iil'a  fungiitt  wcri  cuutaiaed  iu  cJic  stomacli. 

The  ticifis  present  are  the  result  of  fermentation  of  the  ingested 
Cftrbnliydml4?s,  as  wa»  6rHt  pointed  out  by  KrerichH;  this  would 
explain,  on  the  one  liaiid,  the  presence  oi  tactic  aud  butyric  iu^ids 
(n»  WL-U  ari  CO,  find  H),  while  on  the  other  hand  the  alcobUic 
aii4  atnitous  funnuntutiuua  wimid  rcault  iu  the  Hppeaniuce  of  alcohol. 
CO,  and  acetic  uoid  lu  fiuu.1  products.  Both  thcso  forms  of  fermeu- 
tatiO'D  may  eo  im  at  the  same  time'.  Besides  these  acids,  we  fiod 
utiaU«r«(i  aTUum«D,  sugar,  and  starch  present  iu  the  voouttd 
matter. 

If  dilatation  of  the  Htomach  be  excesitive,  or  if  almost  comptcte 
mechanica.1  obstruction  exist,  as  in  cuees  of  cancer  cf.  or  cicatrix  ftt 
tlif  pytonis,  the  vomited  maltent.  or  the  stomach  contents  which  caa 
be  withdrawn  by  the  »toniiich  tube,  may  amount  to  a  lai^ge  volum« 
(2 — 4  litres).  When  allowed  t<>  stand,  thc-y  usually  separate  into 
thiee  luycTs:  an  upper  one,  consisting  of  frothy  mnciis,  a  subjacent 
lai  er  uf  liiiuid,  aud  a  sedimentary  stratum  at  the  buttoin,  coDtatniog 
eolid  masses  and  particles. 

7'he.  t^usea  which  are  evnlved  in  this  form  of  dy.spensia  have 
sometimea  a  ooniposition  similar  to  that  of  the  atnu-sptieric  air, 
except  that  they  contnin  mare  CO,;  when,  however,  the  fermeutation 
pr^.>c<^ss  is  fully  developed  they  consist  chiefly  of  H  and  CO^ 

According  to  Popi^ft'',in  some  cases, an  iutliinimable  gas  is  evcdved 
(B'rerichs,  Friedrt-scn,  Ewald*),  which  proved  to  be  marsh  gas.    Hu 
Scylcr  bplifvfii  that  this  gu:*  is  derived  from  the  intestines  an< 
not  fi)rined  in  the  atoiiiach(?) 

1'he  following  immber.s  exhibit  the  cotnpuution  of  the  mixed  ga^ 
in  cases  of  this  kind. 


Frerich* 


roiinR 


Scboltie 


00,  in  100  parta  20-57 12S2 26-56  in  1 00  parti. 
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.46-96 33-44 


In  the  caties  wb  are  now-  considering,  pyrosis  is  often  n  symptom 
in  addition  tn  vomiting. 

If  the  gastric  juice  be  examined  (by  means  of  stomach-pump  or 
stomach  tiibe)i>everal  hours  aft^r  the  patient  has  vomited,  it  ia  found 
to  contain  only  traces  of  hydrochloric  acid,  while  pepsin  is  present. 

t  Seliultzan.  Jrehivf.  Armt.  «.  Phyriolcg.  IHM,  p.  S91. 
■  Hrrl.  ktitiitehf  Woehrntrhr.  1870,  Nan.  88  Uld  40. 
'  AnhtvJ.  Ana(.  u.  Phiitwl.  1»T4. 
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***  This  form  of  dyspepsia  may  often  occur  in  perfectly 

Dtavvi^u.  healthy  persons;   nt  other  timoK  it  is  ftssociatud  with 

catarrli  of  the  stomach  and  other  disorders.  The  vomited  matter 
often  coasistd  of  a  clenr  fliiid,  iiiiicd  with  mure  or  letm  timcim  bihI  ih 
of  int«iia«ly  acid  chamcter.  It  hius  been  supposed  by  most  observers 
thai  the  acidity  is  dtii?  to  lactic  acid  (Riehet,  loe.  cit);  this  iceetnif 
to  be  especially  the  case  if  much  mucus  he  pre»ent.  AIcNaii^ht' 
found  however  in  sevend  ciu<eB  the  acidity  due  to  increased  HCl 
(often  aiitounting  to  2*7  per  mill).  Sir  W.  Roberts  has  fully  coo- 
firmed  the  observation  of  McNaiight.  He  haR  drawn  particular 
attention  to  the  siiddea  paroxysmal  attacks  of  crninp  of  the  stouinch, 
which  are  apt  to  occiir  in  the  course  of  acid  dyspepsia  and  for  which 
be  would  retain  the  term  of  "  pf/rosii,'  which  iias  been  somewhat 
Taguely  empluyeJ.  In  coum^ctiuu  with  these  pHroxysnial  attacks  of 
cramp,  a  sudden  gush  of  saliva  into  the  mouth  is  very  fiequeut,  and 
Sir  W.  Robert*  ban  found  that  the  saliva  Is  in  some  casE-H  of  remark- 
able alkalinitr,  fthle  to  nentmlise  0-12c>  per  cent  of  UCI.  The 
secretion  of  tlit»  alkaline  saliva  is  the  concomitant  of  the  pouring 
out  of  a  highly  acid  gsistrip  juice'. 

AumiQ  As  this  form  of  dyspiipsia  is  often    dependent  on 

DyipcpdA.  jreneral  nmluutritiun,  due  to  some  altered  innervation 
of  the  secreting  apparatus  (nervous  dyspepeia),  the  chaugea  iu  the 
gaittric  digestion  are  similar  to  those  seen  in  anaemia.  In  thi^no 
cum  the  (gastric  aecrctiuu  is  deScieut  iu  quantity,  the  hydrochloric 
acid  being  ()fl*^u  only  found  iu  traces.  In  some  cii«es,  the  reacttuu 
of  f^astnc  juice  a  however  distinctly  acid,  but  ihi£  is  due  to  the 
presence  of  lactic  acid  iu  larga  proportions.  As  iu  atonic  dyspepsia, 
P»vy  often  found  incraoaed  aecrution  of  lialiva.  this  may  possibly 
account  for  the  abnormal  fermentation  and  with  it  lh«  presence  of 
lactic  acid.  In  many  cafes  however  the  salivary  secretion  is  not  in- 
creased {Wilson  Fox). 

DT>p«piia.ta  Any  cause  which  profoundly  disturbs  the  nutrition 

of  the  body  may  act  us  a  prvdiKpusiug  cause  of  con- 
sumption. Diaturbaiicea  of  digustiou  are  verj'  fre- 
quently precursors  of  the  disease,  and  pr^-sumably  favour  ihc  infection 
of  tb«  organism.  Such  being  the  case,  we  should  exfiect  to  find 
abuormalitio)  in  gastric  dige^itiuu  in  a  considerable  proportion  of 
caxm  of  pulmonary  consumption. 

If  vo  consider,  moreover,  that  us  a  result  of  the  tubercular  pro- 
cffHses  a  condition  of  secondary  anaemia  is  vorj'  frennent  in  phthisis, 
we  alisll  be  led  U>  surmi-c  thai  fjastric  digestion  will  be  found  to  be 
abnormal  even  iii  u  laryer  uuml>er  of  cilscs  ihau  those  iu  which 
dyspepsia  appears  to  have  1>een  a  marked  etioUgical  factor.  Th« 
ohourvBtions  made  by  Hriegei',  bear  out  the  surmisu. 

'  hrit-  Mrd.  Jaanuit.  VtK.  30,  188a. 

*  Uobnrto,  /rfVliirfir  n;i  tUtlrtir*  and  Dyipfptio.  T^nHoa,  ISSB.     See  p.  81  M  wf . 

*  Bridxer  'PolH'f  die  Funatinnrm  de»  Mukodh  bvi  PblhtHia  Faloiuiiuin,' X><*il*rA« 
nud.  Wcehenttltnjt.  I8BU.  No.  U. 
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Brieger  mode  300  examinations  of  the  cMtric  juice,  secreted  aft« 
tent  menb,  in  a  series  of  64  cases  <jf  Phtlii^tia.  Id  severe  caaes,  cm)}) 
abiiiit  16  pur  cent,  exbibited  a  unrtnal  digestion,  the  renuuDdtr 
tfuffcriDg  from  a  m»ru  or  \csf  marki-d  inautticioucy  of  the  digeetii^ 
prort'SB,  Iti  9'6  per  cent,  of  thest  vas«»  there  was  absence  of  iW 
uomiijil  cou8titU(;ut9  of  the  gastric  juice. 

In  csaed  «i'  mRdiiini  gravity,  33  per  cent,  alone  secreted  a  numul 
gaatric  juice,  all  the  remainder  siitferiiig  more  or  less  serioustr  from 
ga.<itric  affections,  while  in  6'6  per  cent,  the  secretion  of  a  juicf 
occurred  in  which  the  normal  constituents  were  absent 

The  observations  of  Brieger  have  been  full}'  ooDSrmed  bj  Hilde- 
brand'.  and  agree  in  the  main  with  the  experience  of  piayeiciiw 
specially  conversant  with  phtliisLf. 


3.    Qaatric  DigefAion  en  otiier  Diseases  of  the  Stomach 


J 


I 


01^,^^  The    v»nnt«d    matter  consists  of  undigested 

OaUirtL.  ofteQ  mixed  with  bile  and  mucus. 

The  gastric  juice  is  dimiuialied  in  quantity,  and  if  there  be  mvA 
fever  the  hydrochloric  acid  U  absent. 

The  stomach  is  aIm)  lined  by  large  quantities  of  a  thick  tenacHHU 
mucus.  (Direct  obBcrvatimi  by  Bctiunumt  iu  the  case  of  A.  St 
Miirtin.)  In  caset;  of  alcoholic  origin  the  stomach  ci>ut«at8  may  eon* 
tain  large  quantities  of  acetic  add.  ^m 

In  Hciite  gastritis,  produced  exjperimen tally  hj  aloobol,  BkBB 
Ehsteiu  and  GrutzntT^  fuimd,  on  examining  the  niuooua  memhiaM  n' 
(he  stomach  hardened  in  alcohol,  that  the  cliicf  cells  wero  siDilL 
granular,  and  rituincd  deeply  with  carmine;  prc«ciilcd,  indeed,  in  i 
marked  degree  the  appearance  of  'active'  gland  culls,  a  granular  uA 
shrivelled  condition  of  the  chief  cells  ;  he  believed  this  to  be  due  ta  » 
continimns  formation  and  secretion  of  very  small  quan  lities  of  pepHO. 
The  administration  of  lurge  quantities  of  alcohol  produce  all  th« 
symptoms  of  acute  gastric  catarrh  with  diminished  secretion  of  gastric 
juice. 

We  have  here  either  the  symtrtoms  of  {Utukni 
dys|)epsia  with  the  changes  described  above,  or.in  aask 
of  very  long  standing,  those  of  atonic  dyspepsia. 

Outiic  I'he  clianges  in  gastric  digestion  vary  according  t« 

raoar.  the  symptoms. 

At  times,  gastric  digestion  is  perfectly  normal,  at  other  dmei  ire 

have  symptoms  of  atonic  dyspepsia  wiih   corresponding^  chauf^e  io 

the   secretion;   when  ulcer  has  undergone  cicatrization,  and  u  w 

situated  as  thereby  to  cause  mcchaaical  obstruction  to  the  p«ssageaf 

■  BUddbrand,  *£i]r  KenntniM  dor  MamnimdAiiiiiic  bei  PthiaikKn,*  DrMtetuwU- 
ITiH-Ajtun-hnYf.  IfWfl.  So.  15. 

>  rflii^ft'ii  ATrhir,  Vvl.  vi.  y.  I  &nd  TcL  via.  p,  I2S,  bm  als*  OtitiBw.  A'nr  Vnf 
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food,  we  have  ihe  symptums  of  flatuleut  djnpepsiii.  "  AocordJng  to 
Ric^ul.  in  coma  of  round  ulcer  of  the  stomioch.,  the  acid  cwi^tiUients 
o/ the  ffoMric  juice  are  greait}f  in  ercesH,  and  the  fact  has  been  furthor 
ijetablUhci)  by  the  obeen'atious  of  Rorczynaki,  Jaworaki  aoil  many 
others'."  The  vomiliiiK  of  blood  is  the  most  pnniiiuvut  jiymptoni  ; 
the  blood  vomited  is  eitlicr  red,  Buid.  uualturod  (uruQion  of  u  lar^^t* 
blOod-Tesaol)  or  coagrilntcd  aitd  dark,  fiuid  and  ]u?id  (chauge  brought 
about  by  contact  with  the  gastric  juice). 

oanoar  oi  The  changes  in  gastric  digestion  will  vaiT  here  also, 

um  rtomuh.  according  t^-  the  symptouw,  and  any  of  thu  chaugiw 
dvncriLied  iitider  the  different  forms  of  dyspepsia,  luay  be  observed. 
The  vomited  blood  appears  here,  from  its  protwugcd  contact  with  the 
gastric  juice  and  from  tlte  fact  that  the  haemorrhage  is  rarely  profuse, 
m  the  form  of  the  coffee-ground  vomiting. 

Von  den  Vuldiiu'  fouud  iu  8  cajses  of  (»DL-er  of  pylorus  (in  5  of 
which  the  diagnosis  wss  verified  post  mortem)  that  the  gastric  juice 
obtained  by  means  uf  the  Hlomach-pump,  contained  no  trace  of  hydru- 
cblortc  acid ;  in  all  of  thetie  there  was  comiiderabte  dilatation  of 
Btumuch,  but  no  pyrexia,  and  he  believes  the  absence  of  tho  UCI 
tu  be  an  important  point  in  the  differential  diagnosis  between  cancer 
and  otlier  anectiona  of  the  stomach.      In  all  thuite  ruse:!  he   cxaiuined 

I  the    gastric   juice    repeattKlly.    but    always   with    the   tuiuie   result. 

rltoeeiuteio*  could  not  verify  these  obscrmtiunn.  In  one  case  at  the 
Maucheatt;r  luArmary  wheie  tlie  symptoms  during  life  were  thoeo  of 
pyloric  cancer  and  where  the  tlOl  waR  always  fmiod  absent  in  re- 
peated examinatiuuH,  the  post  mortem  examination  shewed  the 
preMDce  of  a  earconiatuiis  tumor  at  the  upper  end  of  jejuuum,  while 
tbe  stfHnach  vas  free  from  ilisease. 

Id  genetal  tbe  experience  of  physicians  appears  to  be  that  in 
cancer  of  the  stomach  the  colour  reactions  duo  to  hydrochloric  acid 
are  either  feeble  or  absent,  and  the  nuo-diecovery  of  hydrochloric 

'  acid  is  one  point  to  bo  taken  into  consideration  in  es1ahlis.hing  a 
diaguotus.     la  udvauced  uuus  uf  cuucur  of  the  atO'Uiach,  the  quantity 

I  of  pepaiu  formed  appeant  to  hv  exceedingly  scanty,  and  tbe  rennet- 
fennenl,  which  is  a  couutant  ingredient  of  noriual  gabtrio  Juice,  i« 
oft«D  entirely  wanting. 


trnfiaia 
dun  wi  Hob 

of  su^Daol]. 

duoaJo 
atnphr  or 


Sdiuger  and  Kiegel  {loc  cit.)  found  in  2  caaes  total 
absence  of  hydrochloric  acid. 

It  waa  alated  by  Fenwick  that  in  this  affection  pep- 
fiin  is  absent  or  present  only  iu  very  small  fiunntiliea 

and  the  observations  of  W.  Jaworski  confirm  the  aaser- 

tion*. 

'   T.  Jkckach,  MtAital  l>iayno4u^  p.  90. 

■  D^MU<b.  Arehiv  /.  kliniifhf  Mtdicin,  Vol.  xxtn.  p.  809. 

■  Sm  Artiiilc  'D^ajjeptin  '  In  Eulenborg'i  Cy«l»pjmfii. 

*  W.  Jawonki,   *Zur   Dmguoau  dtM  Rtropliiiicbsa  MuuMUanrki,'   Wientr  tMil. 
PrtMM,  1088^  XcN.  ift  and  *9. 
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DIRECTIONS  FOR  LABOBATORY   WOBK. 


[BOOKS. 


Sect.  16.    DiREcnoNs  fob  Lahokatorv  Work  cosnectoi 
wiTU  Gastric  Digemtion. 

1.  DetermiTMtion    of   the   Specific    (h-avity   of   Oastric    J  ma. 
Follow  inetliod  described  in  Vol.  I.,  p.  174. 

2.  Detennijiation  of  Total  Solids  and  ftsed  Mineral  JUidier. 
Foitow  method  described  ia  Vol  I.,  p.  177. 

3.     Preparation  of  uit  Artificial  Oastric  •fuica. 
Follow  methods  I  and  4  described  at  jip.  82  and  83. 

4.     DeterminatioJi  of  the  dearee  of  Acidit;/  of  the  Gastric  Juice, 
or  of  lite  filtered  Cnn^nls  tif  tJte  Stvmach, 

It  is  usual  to  express  the  acidity  of  the  gaxtric  juice  aH  equival«il 
to  n  grm.  of  HCI  In  100  or  lOOO  porta. 

lu  order  to  make  the  detenu iuatiou  there  are  required  i 

(1)  A  burette  say  of  30  or  »0  cc,  divided  into  tenths  of  a  cuboe 
centimetre. 

(2)  A  pipette  which  delivers  10  cubic  coDtimetros;  it  U  coo- 
venient  to  have  a  second  which  delivent  5  cc 

(9)    Beakers. 

(4)  A  deciDormAJ  solutioo  of  sodium  hydratfl. 

(5)  A  neutral  solution  of  litmus  {.sec  Vol.  I.,  p.  176). 

Process.  Tlie  burette  is  lulled  to  the  top  of  the  graduntioQ  wilk 
the  deciuorinal  soda  solution.  10  cc.  of  the  gastric  juice  of  viiiA 
the  acidity  ia  to  be  determined  are  placed  in  a  beaker,  aad  1  ex. 
of  the  perfectly  neutral  aolution  of  litiniis  added. 

The  solution  of  ciiustic  soda  t»  then  alluwod  ti)  Buw  in  iiQiil  t^ 
red  litmui-  is  chauged  to  blue.  The  volume  of  the  soda  solotka 
used  is  then  determined.  If  «  be  the  number  of  cubic  centimetre* 
of  deciuormal  iwda  used,  and  x  the  amount  of  acid  expressed  as  HQ 
in  1  litre  of  the  gastric  juice, 

a;=,.x  0  00365x100. 


5.     Doterminaiion  of  the  presence  of  free  H^rochioric  Acid,  hj 

Colour  TesU. 

Test  separate  smalt  {juantities  of  the  gastric  juice  or  of  the  fluiil 
6Ucrcd  from  the  contents  of  the  stomach  with  the  various  rcaceok 
described  in  the  text  (see  page  92,  vt  seq.),  but  eapeclally  villi 
alcoholic  solution  of  00  Tropaeoiin  (see  p.  94). 
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[The  following  u  a  reprint  «f  tbe  dinctivikn  for  expurimcnU  on  tb« 
l^etcctiuD  of  anijill  i]u»ntuivH  of  ucidii,  uid  on  tbt^  Hction  of  acid,  alkali  and 
[peptone  in  iDodifying  tho  Kctiuii  of  pLyHlin,  drawn,  up  hy  Mr  J.  N.  LAoglej, 
[V.  K.S„  for  th«  u»e  of  atudenta  attending  his  advanced  PiacticiU  Coone 
^in  ihc  Uoiventil/ of  Cambriilgv: 

"2,  thieciUm  of  smalt  amount*  of  Jrtu  flCt.  TrojMvoliti  00  la 
rcluinged  in  oolotir  niucli  inorfi  rRpidly  l<^  fi-ee  aciiU  Ibnti  hy  acid  cumViina- 
tiotu,  so  thftt  whilst  small  quantities  of  either  ^v«  an  acid  i-eaction  with 
liunua,  an  acid  reaction  witli  tropncolin  00  is  given  by  tliK  former  only, 
"(a)  Thn  inoat  (le.licatt  method  uf  doWcting  Muall  <|iiaiititif.^i)  of  fr(>e 
|ACid  ui  thf  following:  a  aalnrati^d  itolutiftn  of  trapfieolin  OO  is  niado  to 
ntron^  spirit,  a  drop  of  thin  is  craiiorated  on  a  poictilain  plate  which  in 
|ilac<vd  in  a  cbarober  at  about  40°  C,  and  to  tbe  dried  ti'opaeoliu  in  iiddfd 
.•tnali  drop  of  tlie  rtuid  jiiijiponed  to  contftin  fnu)  add  ;  nt  nricf-,  or  a«  tbo 
laid  evspomtcw,  tfao  yellow  trupucolin  becomtm  of  a  violot  or  puri>le  tint  il 
free  add  is  proiaDt.     HCI  0*005  {>.<:.  can  thus  be  detctcted. 

'*(b)  When  tbe  percentage  of  HCI  ia  souipwhat  greatitr  than  this,  it  Ja 
«in)plcr  to  pour  a  little  of  the  solutiun  into  n  tost  tu^c,  contoinioK  a  Bmail 
amount  of  a  Haturntcd  aqueous  solution  of  tropacoUn  00,  when  tbe  yellow 
teolonr  is  changed  to  aronge.  About  001  p.o.  JIOI  and  0'06  p.c.  lactio  acid 
CRD  thni  be  dclccti'd  ;  the  colour  produovd  by  lactic  actd  is  removed  by 
eiiier,  thul  produced  by  HCI  is  not,  uulun  thu  unionat  of  HCI  be  very 
IjnnalL 

"  («)  Paper  soaked  in  troiiaeolin  00  and  dried  becomes  brownish  nnd, 
on  drying,  lilac  or  violet  when  a  drop  cnntaiuiiig  Ivcv  acid  vn  placed  on  it, 

"3,  Mcthyl-riolot  is  also  used  by  method  (6)  to  dctL-ct  small  tjuanti- 
ftJM  of  free  acid.  tbU  colour  ta  changed  to  blue  in  the  prosence  of  not  leu 
[than  0-05  p.c.  of  HCI  or  0-.^  p.c.  of  la«tic  acid. 

"<,  To  a  few  C.O.  of  0*01  p.o.  of  HCI,  a  drop  of  which  gives  a  bright 
violet  mark  with  trupueoUu  OO  (mothod  ct),  gidd  a  litU«  jieptouu.  the 
mixture  gives  no  acid  reaction  with  tropaeoJii]  ;  a  similar  rrault  is  pro* 
duced  by  adding  aerum,  or  wbiUt  of  egg,  probably  in  eonsequenou  of  the 
globulin  in  thetw  duida ;  uyoain  and  cerUuii  otiier  pruteida  act  in  the  tiaiuo 
inannrr. 

"5.  Take  10  c.c.  of  I  p,c.  solution  of  peptone,  it  will  prol>»l'ly  be 
•uid  to  litmuM ;  if  m>,  nenti-alitte  it  with  Xa,COu  noting  the  voluuir  luldod. 
Add  HCI,  O'l  p.c,  from  a  burette,  until  a  drop  of  the  mixture  given  a 
violet  mark  with  tropaeolin  00  ;  the  mixture  then  contains  0  005  p.c.  of 
I^TBe  HCI.  Tlie  amount  of  HCI  addled,  iiiinun  tlie  aniount  of  free  HCI, 
giv«a  the  anionnt  of  tlii*  aeid  wlvich  has  combined  with  the  peptone  ;  from 
tliifl,  the  percentage  of  UCl  taken  up  by  the  jieptone  bhtmid  be  calculated 
tlius:  Buppoae  5  c.c  of  HCI  (-1  |i.c.)  ix  tlie  amount  taken  up  by  tJie  {Kptone, 

tti«n  the  percentage  u  . .     .  x  —r-  "  o. 

"6.     KJect  of  acid,  alkafi.  and  peptone  nlvjhtlif  acul,  on  ptyalii^. 

"The  ptyatin  solution  may  be  prepared  thus  : 

'•{a)  Chon  up  a  ptyalin  containing  aalirary  gland,  o.?.  the  parotid 
of  a  ralA>it,  odd  about  100  o.c.  of  water,  Kwve  ut  39' C  for  an  hour  or  two. 
Filter,  neatraliite,  and.  if  neeeaaary,  filter  again.  (&)  Neutralise  freahly 
-aoUeet«(l  aaliva,  dilute  10  times  und  filter. 
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"Take 

Solution.     "*"'■         Sp-B. 

(1)  lOco.  ■(■  0C.O.    +   2«.a 

(2)  „       +  Sac.  +      „     +5co.  of  Ha(0-2[xc.)i 

(3)  „       +  Otc    +      „     +  2-5  C.C.  HCI  {0-4  p.&)  +  5-S  cc  aoL  oJ 

tout'  (10  p,c) 

(4)  „       +  3e.c.    +      „     +5c.c.  Na,CO,  BoL  {0-2p.c.). 


I 

"(a)  Hnil  (b)  should  be  measured  out  in  diSWrent  vptit  of  teat  tabwi 
tL»  (6)8  a.ddi?d  to  the  reepi?ctive  {a)»  hb  neairly  aa  ]>aiwihle  at  the 
(This  should  hv  douo  iu  ull  niiniliir  cxpvnmcnto.) 

"  Pl«c«  thv-  Wwt  tuljen  iu  u  wBter  batli  nt  wbout  3D'  C,  and  frotnl 
time  take  it  drop  from  each,  and  itdd  a.  dro[>  of  rather  dilutu  iodine  mlut 
OQ  a  }>or««]aiQ  |)late.      An  Uit?  ntuicli  ^i&meA  through  soluble  Btitrch, 
dextrin  to  ach  10- dextrin  niid  nugiir.  tlit-  colour  of  the  tnistnl  dropn  lirrt) 
ft  traiispftmnt  IjIiid,  then  pnssFK  into  violet,  rcd-browii,  light  yellinr,  i 
finally  iodino  gives  no  colour  roHCttan  with  the  solntioo.      At  any  hIa^ 
definite  |)orlion  may  be  l&kfAi  from  eiich  nfduLion  and  tested  for  Hu^^. 
will  tie  found  thnt  tlie  convuntiim  of  HtKrch  to  Kiig«.r  is  rajml  in  (1)  Mid  I 
slower  in  (4)  ftnd  hardly  tak^e  plH«i>  at  nil  in  (2).     In  a  mrnilar  war  it  n 
bo  shewn  that  peptone  saturated  with  acid  almost  or  eiitirely  prevents  1 
action  of  ptyalin  on  starch."] 

6-    Determination  of  the  amount  of  free  Hydrochloric  pre$tid' 
(Riohct's'  Motliticatioii  of  Schmidt's  MetUud). 

Divirje  the  gastric  juice  in  four  purtious,  which  arc  to  be 
ralely  weighed. 

a.  In  the  fir»t,  determine  the  acidity  expressed    as   HCl 
titration  with  decinormal  Hidtitioii  of  xnda. 

b.  To  the  necond,  add  pure  nitric  acid  and  theti  solution 
silver   nitrate.      CoUcrt   the  BJlvcr  chloride,  wash,  dry,  ignit«^ 
weigh,  and  thus  determiae  the  total  chluriue. 

c.  To  the  third,  add  n  little  sulphuric  acid.  eFsporate  to  <t 
igaile  and  weigh.  Assume  Lhut  the  substance  weighed,  whic^  o 
Bists  of  tbo  stilphatps  of  all  the  bases  present,  is  composted  linttr 
of  sodium  sulphate;  calculate  ou  this  awuDiption  the  amount 
sodium  present,  and  therefon;  the  amount  oi  chlorine  which  wo 
he  required  lo  combine  with  the  bafiea  preeeot  on  Uua 
tion. 

d.  The  fourth  is  mixed  with  a  boiled  out  Mlution  of  potAMiiiiBi 
sodium  hydrate,  and  placed  under  a  bell-jar,  together  with  a  capid 
coDt&iDing  a  measured  volume  of  very  dilute  standard   salpDafiT 
acid.     Alter  three  or  four  days,  the  acidity  of  the  staDdonl  add  it 
detormincd,  and  troiu  the  diminiitioD  which  has  occurred,  the  awvo 
of  ajnmonia  which  has  beeu  evolved  by  the  gastric  juice  is 
tained. 

'  Bidiet,  I>u  Sue  Oattri^ui,  p,  $S. 
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In  calculating  the  results,  all  tbe  ammoniB  found  i«  cntrnlnted 
UH  existing  in  coiubinatiou  with  chloriDe.  Tho  amuuut  of  chlorine 
which  wiw  required  to  combine  with  ammonia  and  with  the  other 
bates  (See  c).  reckoned  as  sodium.  U  then  found,  and  in  deducted 
from  the  total  amount  of  chlorine  fuuud  by  operation  b.  The  diJFer- 
eoco  repruHvDte  the  chlorine  exictiug  as  free  HCl,  of  which  the 
amount  ia  then  calculated. 

The  proce*!i  above  described  is  one  which  flhould  not  be  under- 
taken bjr  any  one  who  is  not  thoroughly  fatnilinr  with  the  methods 
of  inorganic  aualyAis.  This  remark  applies  still  more  forcibly  to 
the  original  procesn  of  Carl  Schmidt,  for  which  the  reader  is  roferred 
to  the  original  memoir*. 

7-    Determination  o/the  pnyportion  o/acidn  itot'tbte  in  luaterand  ether. 

It  has  been  stated  (p,  96)  that  valuable  information  «^  to 
the  nature  of  the  acid  of  the  gaalric  juice  has  been  obtained  by 
Ricbet  by  employing  Ucrthelot's  method  of  determining  theBo-called 
cot^fftdeni  de  partage. 

For  carrying  out  ihh  method  there  are  required, 

(1)  An  accnrately  gmduatcd  burette. 

(2)  A  pipette  which  delivers  say  25  c.c. 
(.1)     Two  pipettes  which  deliver  10  c,c.     To  the  upper  end  of 

-one  at  least  of  these  pipettes  is  attAcbcd  an  india-rubber  tube  with  a 
pinch -cock. 

(4)     One  or  two  bottles  witb  accurately  ground  stoppers. 

(6)    Pure  ether. 

(6)  Absolute  alcohol. 

(7)  Standard  normal  solution  of  soda, 

(8)  Litmus  solution. 

(9)  Beakers 

Process.  As  much  of  the  gastric  juice  as  can  be  spared,  say  25  or 
i£0  c.c,  ia  placed  in  the  gloss  buttle,  and  there  is  then  added  to  it  an 
l>equal  volume  of  pure  ether.     This  must  bo  free  from  acid  reaction, 

and  it  must  have  been  shaken  with  distilled  water  ao  a8  toeatura.te  it 

with  water. 

(The  temperature  nf  the  liquid  in  the  bottle  in  taken,  and  then  the 
•eonteuUt  are  subjected  to  a  Berieu  of  vigorous  agitations,  which  may  be 
counted ;  500  auffice.  The  temperature  is  again  taken,  and  for  prac- 
tical purponen  the  mean  of  the  two  readings  (i.e.  of  that  before  and 
that  after  the  agitation)  maj'  be  taken  as  indicating  the  temperature 

•  during  the  experiment.  The  bottle  is  then  set  aside  for  a  few 
minuteflt  and  a  mciuurcd  volume,  say  10  c.c^  of  the  lovrur  watery 
stratum,  aitd  au  equal  volume  of  the  upper  ethereal  solution  are 
carefully  withdrawn  by  the  aid  of  the  two  pipettes  previously  referred 
to  as  fitted  with  india-rubber  tubes  and  pinch-cocks.     The  acidity 

'  Bl<Urr  am]  Schmidt,  £1^  FrrdauuiifuXfit  uiut  Jer  SCafietrhteL      MiUii   und 
XrMfiig,  IMf,  p.  U. 
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of  the  liquids  ia  doterminecl  with  the  airl  of  a  dceinonnal  solutioD  of 
baryla  or  soda ;  the  formpr  in  preferred  b}'  Bertheltit  and  Richet,  but 
for  reasOQs  which  do  cot  appear  suflficieDt. 

The  'coefficient  de  partage'  i«  found  by  dividing  the  volume  of 
standard  alkaline  solution  required  to  Doutralize  a  given  rolunte,  saj 
10  c.c.  of  the  aqueous,  by  the  volume  required  tn  neutralixe  an  e()ual 
volume  of  the  ethereal  solution. 

Before  deu^rmitiiii^  the  acidity  of  the  ether,  the  liquid  is  diluted 
with  say  10  c.c.  of  absolute  alcohol;  there  is  thus  obtained  aa 
alcoholic-etliereal  liquid  which  is  miMcible  with  water. 

After  the  first  detercni nation,  the  proceaa  of  shaking  the  giistric 
juice  tuifl  ether  may  be  repealed  a  second  or  even  a  third  time,  and 
also  tlie  titrations. 

In  cases  where  the  exact  'coefficient  de  rartage'  of  the  acrd* 
soluble  in  ether  is  desired,  Che  ethereal  liquid  obtained  by  agitation 
should  be  shakeu  with  water  and  the  coeHicient  be  again  deter- 
mined. 


8.    Det&ntnnation  of  the  Peptic  activitr/  of  different  sampUt  <if 
Pepsin  or  of  Solutions  conttnmng  Pepsin. 

As  wo  cannot  separate  pure  pepsin  so  as  to  ascertain  its  antioant, 
we  are  obligt.'d  to  jucigo  of  tliu  relaLive  richncNt  in  pep»i»  of  diiTcreat 
preparations  by  detarnihiing  their  relative  activity.  We  may  do  so 
either  by  observing  the  relative  amoiiniB  of  a  proteid  which  can  be 
diKiolved  in  a  given  time,  or  by  detorniiniTig  the  relative  times  occu- 
pied in  the  solution  of  a  given  amouut  of  proteid. 

Ketbodof  ^ti  this  as  in  aJl  other  cjutejt,  a  digestive  liquid  muRt 

Bidder  and  he  first  made  by  mixing  a,  known  weight  or  volume  of 
sciuDidt  ud  pfich  of  the  preparations  under  examination  with  water 
otter*-  containing  cither  one  or  two  parts  of  HCl  per  lOCHK 

The  same  volume  of  each  digestive  liquid  is  taken  and  placed  in 
an  incubator,  and  to  each  there  is  then  added  the  same  weight  of  hard- 
boiled  while  of  egg  cut  in  pieces  of  approximately  the  same  size  and 
shape.  A  portion  of  the  same  sample  of  boiled  white  of  egg  is  ana- 
lysed so  as  to  determine  the  pmportion  of  solid  matter  which  it 
contains.  Af^or,  ^y  24-  hours,  the  liquidH  are  filtered  and  the  undi- 
gested while  of  egg  in  each  case  in  dne<l  and  weighwl.  In  this  way 
is  found  the  amount  of  albumin  which  has  been  dissolved  in  eaco 
case,  and  this  will  repre«ent  the  relative  peptic  activities  of  the  pre- 
paration employed. 

Brticke's  A   known  weight    or   volume  of  ilie  prcparatiooa 

tDcuiod.  to  be  compared  is  mixed  with  water  and  liydroehloric 

acid,  so  as  to  yield  solutiona  which  contain  exactly  1  part  of  HCl  in 
1000.  At  the  same  time  an  aqueoim  solution  of  HCI  of  the  aame 
Btreogth  is  prepared.  Seven  mixtures  of  each  of  the  digestive  liquids 
with  various  proportions  of  the  acidulated  water  are  then  made  and 


J 


CHAP.  II.]        LABOBATOItV  WORK  ON  OASTItEC  DIOESTIOK. 


183 


\ 


I 


I 


placed  in  seven  separate  vesselH,  the  proportion  of  digestive  liquid  to 
frnUsT  boiiig  arranged  an  follows ; — 

(1)  16:  0,      (2)  8:  H.      (3)  4  :  12,      (*)  2 :  U.      (5>  1 :  15, 
(6)0-5:l5-5.      (7)0-25:157. 

Thus  if  tt'G  had  n  samnleK  of  pep»in  to  examJDe,  wo  should  h&ve 
»  seta  of  serea  vessels,  en^ii  xet  coutaiuiug  the  dilutions  acctirdiug  to 
the  Above  plan. 

Now,  into  each  of  the  vcasela  is  placed  a  flocculus  of  wcIl-waBhed 
Wood-librin,  and  all  are  placed  lu  an  incubator  at  about  +0°  C. 

The  %'csseU  are  th«n  cloKciy  observed  in  order  to  fiud  those  of 
the  difforeut  sets  lu  which  digestion  ha:s  procewleJ  to  the  naine  ex- 
tent If  wc  had,  for  tn^tance,  two  sots  A  and  Ji,  and  we  found 
that  in  vessel  1  of  set  A  digestion  occurred  In  the  same  time  as  in 
vcwol  2  of  set  D,  we  lihould  conclude  that  the  digestive  activity,  which 
i*.  within  wide  limits,  proportional  to  the  quantity  of  pepsin,  of  Ji 
VTM  twice  as  great  as  that  of  A. 

For  all  the  precautions  to  be  followed  irt  employing  this  method 
the  reailer  is*  referryd  to  the  descriptioD  given  by  its  author';  it  has 
now  been  generally  superseded  by  the  tuetiiods  to  he  described  below, 

OriLaiuMa'a         Well  washed  bluod-tibrin  is  placed  for  several  hours 
iD«uod>.  in  water  containing  two  parts  of  HCl  per  Hire.     When 

the  Hbrin  has  nwolleD.  it  ia  placed  upon  (iltcr.<i  to  drain.  If  Hi^voral 
Solutiou.'i  of  jwpsin  have  to  be  exatniiiei],  agiv«ii  weight  of  the  swollen 
fibrin  is  placed  upon  ntt  many  filtc:rs  as  there  are  .tohttioiis.aud  then  a 
measurcu  volume,  say  1  c.a,  of  each  of  the  licjuids  is  poured  over  the 
conteote  of  u  corresponding  funnel.  After  some  minutes,  the  contents 
of  the  funnel  begin  to  dissolve,  as  is  evideneai  by  liquid  beginning  to 
drop  from  the  funnel.  The  relative  pj-ptic  activity  may  bo  judged  of 
"by  tstunting  tlie  drops  which  fall  in  a  given  time,  or  by  the  volume  of 
]if|uid  which  is  collected  in  a  given  time,  or  by  the  time  occupied  iu 
the  complete  liquefaction  of  the  whole  miuH. 

Thus,  to  take  an  example.  In  one  of  v.  Wittich'a  oxperimeDts*. 
in  which  he  was  comparing  the  relative  richoesw  in  pepsin  of  a  gly- 
cerin extract  of  tbc  tnucous  lueuibraue  of  the  fundus  and  of  the 
pylorus,  designating  the  Jirst  1  and  the  eecoud  2  ;  he  added  t  cc  of 
the  extract  in  each  case  to  swollen  fibriD  placed  in  two  funnele. 
which  were  inaiutaitjed  at  the  teniperalure  of  the  room.  In  1  (fundus) 
dropping  began  in  two  minutes,  and  at  the  end  of  two  hours  13  cc  of 
fluid  Lad  been  collected.  In  2  (pylonts)dropping  began  in  t«n  minutes, 
and  at  the  end  of  two  hours  4'6  cc.  of  fluid  had  bwu  collected. 

ftOUiwr'i  Although  no  ver^'  accurate  way  of  testing  Uie  rela- 

*•*"*■  tive  amouuiH  of  pepsin  couiuineil  iu  two  oitracta  exists, 

tiie  uno  which  is  most  generally  useful  is  Orlitzner's  Colonmotria 

■  BcOcko,  'VorlenmiceD,' "QuaiiiitaliTe  BeBUiumnuK  daaPe^a*."  p.  DOSctrnq. 
*  UnlnbageD.  "Nana  MfUiMlc  <lit>  WirkiuiKdo  M*«eQ-P«p*ui  lu  niran«r.buulicih»u 
I  m  nUMttn."     Pflll«er'H  Archir,  Vol.  i,  IHm),  p,  «)». 

■  T.  Vhtleh,  "Du  Pepiiti  unci  Mio«  witkung  nnl  Blutdbrin."    PflOgar'a  AreUv, 
al.  T.  y.  US. 


184 


ULBORATOUY   WGUK  OK   GASTRIC   DlOBSnON.         [bOOS  □. 


Method.  The  directions  for  carrying  out.  whicli  follow,  arc  (}00f«d 
verbftlim  from  those  drawn  tip  by  Mr  Langlcv  for  the  use  of  bu  Ad- 
vuQCvd  Practical  Cluss. 

•  Wftili  (rcslily  collected  (ibrin  in  a  strcum  of  wat^r  flowing  bom 
a  tap  for  5  or  10  miuuteti  and  chop  luto  small  pieces;  place  them 
iu  a  large  qutLDtity  of  water  imtil  the  next  day,  when  any  pieoct 
which  are  atill  colourt-d  with  hacmoghibin,  or  which  have  clumps, 
fatty  matter  adht^riug  to  thyui,  should  be  thrown  away.  _ 

"  Place  the  fibrin  in  carmine  prepared  tints : — to  1  grm.  of  camiioe 
add  1  c.c.  of  ammonia,  mix  well  and  add  400  c.c.  of  water,  and  nil. 
If  the  miiEture  smells  strongly  of  ammonia  it  should  be  placed  wade 
until  it  ceases  to  do  fiO. 

"The  hbrin  should  be  steeped  in  the  carmine  solution  for  a  d*j; 
when  the  rannine  solution  should  be  poured  off  and  the  fibrin  well 
naahod  lu  water,  (Unless  the  quantity  uffibriu  placed  in  the  camilK 
aotution  has  been  very  targe,  the  latter  may  Mrve  again.)  Thelihria 
is  then  ready  for  use.  To  pruservo  it,  it  i«  tborougbly  pressed  so  u 
to  squeeze  out  the  water,  and  then  placed  in  a  l>jttle  with  a  small 
quantity  of  ether,  which  is  ebakcn  up  with  it  By  the  action  of  the 
ether  the  fibrin  becomes  somewhat  less  Holuble  in  gastric  juice  than 
when  fresh,  but  it  is  atill  readily  dissolved.  Before  the  fibiin  is  nwd 
the  ether  should  be  washed  away  with  water.  When  it  gives  n|i 
more  than  a  trace  of  colour  to  dilute  hydrochloric  acid,  on  wanniog, 
it  should  be  thrown  away. 

"  When  an  experiment  is  to  be  made,  a  small  quantity  of  ih$ 
stained  fibrin  should  be  placed  in  about  five  times  its  volume  of  HO 
(0*02  per  cent.)  at  about  Sfi-C;  in  30  to  60  minutes  it  will  haw 
swollen  up;  the  oscL-,sa  of  acid  should  then  he  pourenl  off,  and  eiyai 
quantities  of  Hbriu  measured  out  in  glaaa  tube«)  containing  tixactly  1, 
2,  or  more  ac.  as  required, 

"Having  then  added  the  same  quantity  of  fibrin  to  equal  bulks  of 
the  acid  and  pepsin  containing  extracts,  a  small  difference  to  the 
amount  of  fibrin  dwsolvetl,  i.eL  in  the  pepsin  content  of  tbe  fluids,  b 
shewn  by  their  different  tints.  A  convenient  wav  of  writing  down 
the  i-eaultR  for  future  reference  is  to  note  every  five  minutes  whirh 
numbers  of  a  series  of  standard  carmine  solutions  have  the  name  tiut 
11*  the  several  digesting  niLxCures.  The  digesting  mixtures  must  nf 
eourse  be  sbakeu  befure  they  arc  compareu  with  tbe  standard  soJd- 
tioD& 

"Tike  standard  carmine  solutions  are  thun  prepared: 

''  To  01  gram,  caniune  add  from  burette  O'l  cc.  of  ammooia,  Bui 
well,  and.  add  100  cc.  of  glycerin.  Put  into  a  stoppered  bottle  Mil 
keep  in  the  dark. 

"To  6  cc.  of  the  O'l  p.  c.  carmine  solution  add  &4  cc.  of 
To  the  test  tubes  add  1.  2,  3.  4.  5.  6,  7,  8.   9.  JO  cc.  i««( 
Af  the  dilute  .lolution   by  carmine,  filling   up  each  t«st  tube  m 
20  cc.  with  water.     Thus  the  teal  tubes  contain  reimectively  I>1. 
O'S 1  ac  of  the  original  carmine  solution.     The  colour  of 


diluted  solutions  fades  with  tim« ;  this  is  somewhat  delayed,  however, 
bj  corking  the  t«8t  tubes  and  keeping  them  in  the  dark. 

"  When  extracts  which  dissolve  fibrin  rapidly  appear  to  dissolve  it 
at  ucarly  the  tarav  rate,  ibey  ahuuld  be  ailuted  uiid  again  tested, 
when  a.  diatinct  differonn?  in  the  amount  of  p«p^n  in&y  somotimea  be 
asocrtaini-d.  lu  ibvac  L-xperitnfnts,  tcHt  tubvn  of  tbe  aame  diameter 
must  be  u&«d,  and  the  conditions,  a»  to  t«iiiperaturt>  and  percentsge 
of  aiiid  employed,  must  be  the  same. 

"  In  order  tn  find  out  liow  much  more  pepwn  one  extract  contains 
than  another,  the  extract  which  lias  been  found  to  contain  more 
pepsin  sliauld  be  dihit«d  uotil  it  digests*  at  thp  same  rate  as  tlie  other 
extract;  tlie  dilution  may  conveniently  be  carried  out  tliufl : — 

■■Suppnuing  thtfre  are  two  extrucls,  of  which  the  one  o  contains 
more  pepsin  than  the  other  b. 

"  Tiike  2  c.c  of  ((  +  18  ce.  of  dil.  HCl  (0"2  p.  c),  and  mix  in  a 
■   beaker:  of  this  put  10  c.c.  id  test  tube  (1). 

"  "  Add  30  CO.  of  the  same  HCl  t^^  fluid  iu  beaker,  and  of  this  put 

10  C.C  in  t«st  tube  (2). 

•■  Add  10  cc.  of  tlie  same  HCl  to  the  fluid  in  tlie  beaknr,  and  of 
this  put  10  c-c,  iu  test  tube  (3),  and  proceed  in  the  name  way  as  far 
aa  may  be  considfred  necessary. 

"Tert  tube8(l),  (2),(3J  contain  1  c.c, 0'5  cc,  0'25  cc,  respectively, 
of  extract  a. 

"  Take  2  cc  of  extract  6  +  8  cc  of  dilute  HCl  (0-2  p.  c).  Add  to 
this  and  to  each  of  the  varluuti  pepain  Mlntionx  made  with  extnLcUi  a. 
1  c.c.  of  carmine -Btnined  and  already  RwoUen  fibrin  (which  has 
been  previouHly  nieJLsiirciI  and  placed  aside  in  watch  gla.sses),  note 
which  uf  the  (a)  mixtures  digests  at  the  ^ame  rate  as  (ft);  if,  for 
example,  the  (a)  mixture  in  test  tube  (S)  digests  at  the  same  rate 
M  {b),  th«n  the  original  (a)  extract  contains  eight  times  aa  much 
pepsin  aa  (6). 

"  2.  In  comparing  the  amouut  of  pepsin  which  can  bo  extracted 
from  equal  wi;igm«  of  different  ntumacliK,  or  of  ditferL-ut  jiurta  of  any 
one  HtoiuacL,  the  mucous  iiiernbranu  should  be  rapidly  naiihod  with 
»ilt  solution,  and  tlio  »dt  Kohitinu  then  HOpped  iip  with  blotting 
paper.  Tlw  utomacli  iihould,  then,  be  ttpread  out  on  glmm  and  tlio 
muscular  coat  removed;  tbe  mucous  membrane  should  then  be  dried 
6nt  at  about  25*  C.  and  then  over  Riilphuric  acid.  Weighed  portions 
of  muooua  taembraoe  should  then  be  cut  into  Humll  picct-s  and  treated 
witb  a  2  p.  c.  HCl,  in  the  proportion  of  500  cc.  of  the  diluted  arid  for 
each  grammti  of  dried  niucuua  membrane.  Digestiuu  ahould  be 
allowwl  to  go  on  at  38'  C.  for  one  day  (though  much  the  greater  port 
of  the  pepein  is  extracted  in  two  or  three  hours),  the  mixture  then 
filtered,  and  the  ainoiint  of  pepaiu  in  the  filtrate  determined.  If 
there  U  any  appreciable  residue  left  oo  the  filter,  this  may  agiun  be 
treated  aa  before  with  H<.'1.  &c. 

"S,  Compare  the  amounts  of  pepein  that  can  be  extracted  from 
tbe  gastric  mucous  merobraoe  or  guinea-pig  or  rabbit  (1)  tJikeo  from 
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tlia  ftindus,  (2)  taken  from   the  middle  of  the  greater  curwaturo, 
V-i)  taken  from  tlie  pylorua." 


9.     ExperimenU  on  I*epsvn,o<jen  and  Pepsin;    on   Renrtet   Zifmoffen 
and  Rennet  FnwnJ. 

The  foUowinfc  oxpcrinictits  oro  taken  fi-om  Lauf;loy'a  DircctiODA  for  fail 
Practical  Advanced  Ctuasi'ii: 

(1)     "  PrvfMrtttiun   of    HxiracU   oontaininif    I'epnn   anU    Pe/Jtri'togtM,^ 
Pre^iHTe  an  aqueous  vxtrnct  of  a  frexh  giutric  mucous  momlinuiu  frota  a 
liuiicry  H,iiimal. 

The  etouiocli  sJiould  be  tukcii  us  bovh  an  {WSHiWIe  ufter  tlie  death  of 
aoinml  iinil  wiislied  wit.li  soliitioti  uf  Nu,CO,  (001  )).c.),  djopped  up^ 
in  a  rtiortur  with  nl)»ut  1 20  e.c.  at  water,  iLnd  roiieatedly  grunnd.  I»  1inlf- 
an-houi-  to  &a  hour  tie  extract  nifty  be  atraiiied  and  lilteiMd.  Take  &0o.c. 
of  iliw  Hltcmd  extract,  udd  J5  c,c,  HCl  1  p.c.  Warm  far  lialf-.iii-hour, 
Dfiitmlist!  Willi  XC.V.  of  0-2  p.c.  nulullon  of  Na^CO,.  LrImO  thitt  Pcjwiii- 
cxtnvct.  Take  SOc.c.  of  the  tiitered  extract,  add  to  it  a  mixture  of 
5e.c  HCl  (1  p.c.)  and  xce.  NajOO^     Lnbci  thiJi  PepHinogeri-exli-act. 

"  (3)     Effect  of  Na,CO,  on  Pepsin. 
"Tnkc 

Pqwin  TO  ,  Sol.ofyiuCO, 

extract.  '*■*''•  (2  p.o.). 

a.     &C.0.       +       Sco.       +  0  tiftutml. 

ft.        „         +      4c;c.       +         -ftcc.        -1  p.t  XajCCV 

0.        ,,         ■<■      Occ.       +         5c.c.        1  p.G.  UnfiO^ 

"  Shake  and  loave  for  S  minutes. 

"Mix  in  Uiri!o  otlier  Cfst'tnheH :  x  being  tlie  number  of  c.a  of  HCl 
i-eiiuirtwi  to  ueulndiMc  tt  ex.  of  Na,CO,  (2  p.c,). 

Sol.  o(  Ha,00,  wn  /I  n  i.  I 

";  ,  ^*-'*-  *  '^  I  fill  up  each  to  15  aa.  with 

J  n  .  (  water. 

e.  0  +  a:  ) 

"Add  <i',  b',  c  io  a,6,e  rrspcctivuly ;  each  uliould  now  b«  neiitrol.  To 
lOc.c.  of  t-nch  mixHire  add  flc.c,  HCl  (-fip,c.)  and  2c.c.  Bwollun  cannino- 
)>tain«d  librinu  Place  al  39' <.'..  mid  uliRerve  the  rate  of  solution  of  the 
fibrin.  In  a  thft  itohition  will  Ixi  rapid^  l««s  nipid  ia  b,  very  alow  in  «, 
ahewiiig  that  pqwin  is  rapidly  destroyed  by  Hodium  carbonate  (I  |>.q.). 

"3.  PepnTwgen.  Itepeat  the  previuiui  »x[)«rimene.  using  tli«  jwmio- 
ogm  extract  instead  of  the  pepsin-sxtract.  There  wilt  be  very  little  differ- 
flQce  in  the  i-ates  of  digenlioa  in  I't,  h,  and  c,  probal>ly  it  will  be  rather 
slower  in  c  than  in  tlio  otlii-r  two.  This  may  «ri*it  r-ithcr  from  a  itlight 
dwtruclion  of  pppsinog^n,  or  from  a  dostrurtiou  of  p'pwn  fnniipd  lu  prB- 
paring  the  extract,  or  (>ua8ib|y  of  |>epein  originally  present  in  tlio  gastric 
niacoua  iiiembrane. 
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"4.  Smnet-FtrmmU.  Uae  the  pepsin-extract  prepared  in  (1).  It  is 
beat  to  neutralise  the  milk  employed. 

"Take  (1)  0  c.c  extract  +  5  cc  of  milk 

(2)  „        „       +2-5       „         +2-5  cc.  of  water 

(3)  „        „       + 1  „         +  *  cc.      „ 

"Place  at  39*  C.  The  clot  is  firmer,  and  earlier  formed  the  leas  diluted 
the  milk. 

"5.  Bennet-Zymogen.  Use  the  pepsinogeo-extract  prepared  in  1. 
"With  this  repeat  the  experiments  described  under  4. 

'*  No  clotting  will  ti^e  place  until  the  fluid  becomes  acid  from  the  con- 
version of  milk  sugar  to  lactic  acid. 

"  6.  By  experiments  similar  to  those  given  for  pepsin,  it  may  be  shevn 
that  rennet  ferment  is  rapidly  destroyed  by  Na,CO^  and  that  rennet- 
lymc^n  is  comparatively  slowly  destroyed  by  it," 


CHAPTER  III. 


THE   PANCREAS   IN   ITS   RELATION   TO  THE   PAN- 
CREATIC JUICE.    PANCREATIC   DIGESTION. 


Sect.  1.    iNTRODtrcroRr  Observations  concerning  some  pourra 
IN  THE  Anatomy  and  Physioloov  op  the  Pancbeas. 


TUK  PtiQCrcas  is  a  gland  which  accretes  au  alkaline  juioe  and 
wtiich  empties  itself  into  the  upper  portion  of  the  small  intestine. 

Id  additiou  to  this  mt>re  obvious  fuoctioQ,  the  paucreas  plays  a 
remarkable,  and  ss  yet  incompletely  understood,  part  in  relnliun  to 
the  trausformatioDa  of  sugar  in  the  auituiil  econumy.  The  fucts 
wliich  bear  on  thig  fiiuction  will  be  discusoed  id  a  siibaequeut  part  of 
this  work. 

The  Pancreas  exists  in  all  air-breathinj?  vertebrates — in  mam- 
mals, birds,  reptiles — and  in  maay,  though  by  no  means  in  all,  fishes. 

Allliougli  It  hail  been  usual  to  say  that  the  pancreiui  doe-<i  not 
exist  in  iu vertebrates,  it  would  appesr  from  the  recent  researches  of 
Krukcnburg  and  others  that  a  glandular  organ  which  i.s  the  physio* 
logical  aualogue  of  the  pancreas  is  widely  distributed  throngoout 
invertebrates. 

The  Paacrean  is  a  long  narrow  glaud  of  a  reddijih  cream  oolour^ 
which  during  life  variea  in  tint,  being  pale  when  inactive,  but  turgid 
and  mseata  in  hue  whilst  secretion  in  proceeding.  In  man  the  organ 
Itoi  'across  the  posterior  wall  of  the  abdomen,  behind  the  stomach 
and  opposite  the  first  lumbar  vertebra.  Ttit  larger  end,  the  head. 
turnea  to  the  right,  is  embraced  by  the  curraturi:  of  the  duodoniira, 
whilst  its  left  or  narrow  extremity,  the  tail,  reaches  to  a  somewhat 
higher  level  and  is  in  contact  with  the  spleen.' 

The  ncirmal  arrangement  i-i  that  there  exist  two  pancreatic  ducts. 
Od«  very  much  larger  than  the  other,  CA«  pancreatic  duct,  properly 
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_  »o  called,  or  Duct  of  Wirmnp^,  empties  itself,  in  man,  into  the  duo- 

I  deouro  between  three  &a<i  four  LQcheH  below  tlie  pylorus  by  ou  oriBoo 

H  commoa  to  it  and  to  the  common  bile-duct;  tlio  second,  very  small, 

H  aceenory  pancreAtic   duct,  commuuicatus  with   the  Gral  by  one  or 

■  more  anastomosing  brandies  and  usually  has  a  separate  opening  into 

I  the  duodcuum.     In  most  animals  the  chief  duct   of  the   pancreaa 

H  OfMoa  iuto  the  intestines  with,  or  very  neiir  to,  the  opening  of  the 

H  oommoo  bile-duct    In  some  nnimals  however,  aa  in  some  monkeys', 

H  ia  the  ox,  the  guinea-pig.  the  rabbit,  the  principal    duct   empties 

I  it«elf  below  the  orifice  of  the  bile  duct    In  the  tast-nftcned  animal 

I  the  arrangement  has  been  particularly  studied  by  Cinude  Bernard, 

I  who  haa  shewn  that  whilst  the  accessory  duct  usually  opens  by  a 

H  common  orifice  with  ihe  bite  duct,  the  principal  duct  emptier  iDto 


Minute  Structure  of  the  Pancreas*. 


Stmctore  of 
Ui«  duou  of 
Uw  puicreu. 


The  pancreas  used  to  be  described  as  a  compound  saccular  or 
racemoso  ghkod.  The  observations  of  Latschcnbcr^t^'r"  and  HeidonhaiD 
have  drawn  attention  to  the  fact,  however,  that  tliu  paucreas  is  more 
properly  a  compound  tubular  gland,  i.e.  if  we  fullow  its  branching 
ducttt  wc  find  them  terminating  in  blind  tubc^  unJ  not  in  sacculated 
receaseo. 

The  gland  possesses  a  capsule  of  connective  tissue  whence  proceed 
inwanis  septa  which  penetrate  the  organ  and  tmpport  itfi  constituent 
lobes  and  lobules.  The  interlubutttr  connective  ti«8ue  supports  the 
blood-vessels,  the  nerves,  and  the  lymphatics  of  the  gland. 

The  ]>ancres!)  po-iseiiseti  ui  most  animals  two,  in  some 
more  than  two,  excretory  ducts.  These  ducta  are  lined 
by  columnar  epithelium,  which  lies  upon  a  haiiemeDt 
membrane.  On  the  outer  side  of  this  basement  membrane,  there  is 
no  inoonDidcrablo  amount  of  fibrillar  connective  tissue,  and  some  ia- 
voluutary  rauecular  fibres.  The  lobar  ducta  communicate  with  the 
excretory  ducts,  the  former  proceeding  outwards  lead  to  intni- 
lohutar  auc1«,  and  theiw  again  to  so-called  intertiiediary  duett  which 
cominumcate  directly  with  the  alveoli 

■  Wtraung  wu  on  uiAtoiniit  of  tliD  ITth  eontuty  vbo  firat  obMrred  snd  dallMaMA 
Iba  psnervolic  diict.  Ha  ii  wuJ  lo  luve  died  by  lh«  handi  of  an  aMMtln  in  I84I.  tba 
mne  JMT  in  wbivli  hr  M^nt  &  copy  i^t  fau  engraviug  of  tlie  pancrMtio  duct  to  Binlaa. 
Clauda  Banwid,  t-i-yw  Jf  Phsfiotagit  EtptntueivmU,  VuL  ii.  (19(0).  p.  171. 

■  8«*  Hiln*  iUwju'Ja,  /.mm*  *ut  Ia  i'huiioloyit  itl  rAnaUtiaie  Compitrit  [ISOO], 
Tftl.  n.  ^  <I1. 

*  Qude  Bernard,  op.  rit..  pp.  210  uid  311. 

*  In  fail  dnvnptiOD  of  th«>  pnnFriiaii  Ui9  sathor  hu  foUowod,  in  iiatvnl  omm  ftlniort 
verlwilm,  ProfxHor  KIriD '■  aocouitt  id  ibc  Aitat  of  lluwhgy.  *.ni  IVofcatOT  Haidm- 
faalo'*  to  Hmiuum'B  Haitdbueh  (Vol.  v.  p.  ITS),  vhicb  ii  bkaoi  d|h>r  hu  own  and 
LtBKeiiuuu'B  obMrr»tioDa. 

*  I«t*cbonberit«r,  (|u«l«d  hj  Etuidi'iihaiD,  H»nii«as'a  Uatvibuch,  Vol.  v.  p.  178- 
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T)ie  <>pitholiHm  lining  lobar  and  intralobular  ducts  is  compose 
of  short  columnar  upitlielitini  cells,  each  with  im  oval  iiucleiiB  uc 
the  mombraiia  propria  on  which  the  cell^  lie.     The  Gpithcliiim  ce 
beconiL-  Bhort.«!r  I'roni   thp   lobar  towards  the  inlcnnediara  ducts, 
is  to  be  noted  that  the  epithelial  cells  of  the  ducts  of  the  paDCreM, 
do  not  exhibit  the  'nxi-like  fibres'  (Klein)  which  ore  so  clearlj  s««n 
iu  the  intriilobiilar  ducts  of  the  sftlivary  gliinds. 

The  iDtcruiediiuy  ducta  'nre  branched  ctLoals  of  various  IcngthsJ 
with  a  small  but  distiuct  hirncu;  each  couslsts  of  a  membraDa  pro- 

f>ria,  a  contiuuat'iun  of  the  sainu  mcmbriiou  of  the  iutralubular  duct, 
ined  with  a  bihi^le  iHyer  of  fUtteuod  clear  cells  inoro  or  less  elon-j 
gated,  and  each  with  a  Hattcned  oval  nucleus'  (Klein).  Id  9omo 
cases,  as  in  the  pancieas  of  the  rabbit,  these  tubes  are  very  loog, 
in  othem  extremely  xhort,  the  branchcii  of  the  intralobular  ducts 
appearing  to  jiaAH  aimoHt  immediately  into  the  alveolL 


strnciujeot  The    alvooU    which    open    into    tho   intermedial^ 

Uc  »ivoou.  cQuals  arc  more  or  leas  tortuous  tubes  composed  oifl 
j^  »Mre  c  ^  delicate  baswment  membrane  which  is  covered  on 
its  inner  itide  by  the  proper  secreting  cells  which,  as 
Heidenhain  aptly  remarks,  possess  specific  ptycuHarities  which  make 
it  impossible  to  mistake  thorn  for  the  cells  of  any  other  glaod. 
These  cells  are  sometimes  described  as  columnar,  but  they  are  not 
as  regular  as  typical  columnar  epithelium  cells  and  present  much 
more  nmnded  outlines.  The  tube  is  so  filled  by  these  cells  that  a 
definite  contiouous  lumen  is  not  ustially  visible. 


Awnnjicn         The  appearances  of  the  pancreatic  cells  differ  grcatlj 

or  tuo  Mil*  In    accordinc  as  the  gland  has  been  for  manv  hours  in- 

active  or  long  secretmg.     We  shall    nt    present   only 

deitcribe  the  appearance  of  the  celU  of  the  pancreas  of  the  fasting 

animal 

Each  cell  pre»ents,  in  its  fresh  living  condition,  a  clear  apimrently 
homogeneous  ou(*?*  tone,  directed  towanls  the  basement  membrane, 
ami  a  granular  inner  sone.  The  clear  outer  zone  is  relatively  fimall, 
only  forming  from  one-eighth  to  one-sixth  of  the  depth  of  the  celL 
Carintue  etain^  the  outer,  clear,  zone  easily,  but  s^'jircely  at  all  tbe 
granular  inner  zone.  In  many  animals,  the  cells  arc  granular  through- 
out, in  the  la.sting  state. 

The  outer  zone  which  in  the  living  cell  appears  liomogoneoaB 
is  not  so  in  reality,  as  we  learn  by  tho  action  of  penramic  acid,  or  by 
maceration  for  2  or  3  days  in  solution  of  neutral  ammonium  chro- 
mate.  which  reveal  the  existence  of  longitudinal  fibrillation. 

At  the  junction  of  the  outer  and  inner  zone  of  the  cells  of  the 
fasting  pauereas  is  situated  a  suherical  nucleus    which  is  scarcely,^ 
if  at  all,  visible  in  the  living  cell,  but  which  ia  stained  by  carmino 
or  logwood. 
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mcn-ttmni.  "WaU-r  causes  tliu   outer  zone  rapidly  tn  swell  up 

cai    rcMtioiu    whilst  the  cranules  i>f  the  inoer  zoue  io  croat  part 

aLf,!LlS!"""    '*^*='""''  indistinct 

"Dilute  solutLoD  of  caustic  potash  or  soJa  (coataiuiog 
odI^'  O'I  per  cent.)  dis^olreg  the  granules  almost  lustfiulaDeoiisly  aod 
ultimately  the  whole  celt. 

"Dilute  acetic  and  mineral  acidx  of  all  degrees  of  coucentratiou 
render  the  outer  zone  so  turbid,  by  causing  a  granular  precipitato, 
chat  the  distiucbiou  between  the  two  zones  of  the  cell  vanishen. 
Ulacial  acetic  acid  on  the  other  hand  renders,  the  cells  clear,  merely 
allowing  Home  tine  granules  to  be  perceived,  whilst  the  nuclei  come 
out  sharply'. " 

It  Whs  remarked  by  Claude  Beruard'thaL  the  pancreatic  .secreting 
cells  are  diiwolved  with  great  ease  by  bile.  This  is  to  be  explained 
by  the  bile  being  a  hijuid  which  purmila  tryptic  proteolysis  to 
proceed  with  case. 

Vascular  a)td  Nei^vous  Supply  of  the  Pancreas. 

Vucnlar  The    pancreas  in  man  receives  branches  from    Ist 

""'^*  the  hepatic  artery,  2nd  the  splenic  artcrj',  and  3rii  the 

superior  mesenteric  artery;  the  branclie.'*  from  these  arterieB  form 
DUmen>U3  anaHtumotjeB.  A  capillary  network  utirruULda  the  ultimate 
acini,  hut  by  no  means  closely,  so  that  often  tlie  secreting  cells  are 
at  a  cooeiderable  distance  fmm  the  nearest  capillaries. 

The  veins  of  the  pancreas  which  run  hy  the  side  of  the  arteries 
empty  into  the  supcnor  mcsentoric  and  into  the  spleuic  veins,  so 
that  alt  the  blood  which  leaves  the  urgun  lias  to  puM  through  tiie 
liver. 

■•mw  In   man   the    nerves  of  the    p^inoreaa  are  derived 

"PW-  primarily  from  the  solar  plexus,  but  for  the  most  part 

th«y  are  immediately  derived  from  the  hepatic,  mesenteric,  or 
splenic  plexuses.  They  lir^t  accompany  the  arteriei^,  but  afW 
reaching  the  Milistanee  nf  the  glnnil,  they  follow  a  separate  course. 
Accon^ing  to  PflU^r  the  fibres  u(  the  puucreatic  nerves  ore  meilul- 
Uted.  Klihue  and  Li>a.  and  Heidenhain,  however,  assert  that  they 
are  non-medullated.  Besides  nerve  fibres,  ganglion  cella  are  abuu> 
dantly  scattered  through  the  gland. 


Sect.  2.    The  Sechetion  of  Pancreatic  Juice. 

The  secretion  of  the  pancreatic  juice  is  one  of  those  phenomena 
which  it  is  impossible  to  study  except  with  the  aid  of  experiments 
OD  the  lower  unimab. 

■  HeUsuhaia,  Bacmanu'ii  Uandbuch,  Bd.  \.  Th.  1,  ■.  17S. 
*  01«ud«  Beniftnl,  f^foiw  Ut  Pky:  BxpMm.  Vol.  ii.  p.  486. 
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Jfod«  q^  estalAishinff  Paticreatie  Fistulae. 

Th<>  tirxt  to  obei^i-ve  tb«  «vcr«tion  of  the  puwreatie 
jiiici*  wtui  Do  Omaf,  who  succeeded  in  makiDg  »  poncratic 
fistula  ami  ootl«cliny  [lancruatio  juice '.  This  olwerrer 
opi-iMkl  th(^  (luodt^Biiini,  itiJit'rt'd  »  t^uill  into  tho  pnncre&tic  duct,  at- 
taclinj  A  dtipuiidiMit  Huitk  t*>  the  ({tiiEl  mid  colloctod  an  DpprtKaAU« 
quMtitity  of  pancreatic  juice  which  lie  described  as  clear  and  somewhat 
IfluLJiiou*,  and  (dunbtloiu  followiug  the  theoretical  riews  of  litB  inutar, 
FnkiiciaauH  d«  In  BoS  Sylvtiw)  be  wywrtud  that  it  bad  «  niis«d  acid  aad 
■aliuv  taabe. 

Mntiy  of  the  ulder  physiolagiBta  repeated  the  exp«miient  of  De  Graat, 
but  with  compnt-iLtivt'ly  iinaU  rwiilts. 

OUiid«  Bar-  Oitude  Dcrnard  was  the  lln>t  lo  study  with  care  and  com- 

aar4'B  uc|mi1-      |>loUHieiu  thn  flow  of    tho   pitncr«atio  juice    by  the  aid  of 
Buu  and  liatulao'. 

arthdd.  '[^'1,0  fo]lo«in([  ij    Bernard's  descriptioo  of  the  nietliod 

which  ht>  Piiiploywi" : 

"  The  dog  tu  bu  i?x|KTiniaiit«d  upou  ia  placed  and  finuly  held  upon  its 
luft  ittdo,  aiid  lui  mcbion  from  seven  to  ei^bt  centimetres  long  is  inade  in 
iu  rijjht  hypochuudiiuui,  below  the  borders  of  the  ribs;  Urn  incudon 
iM'nuitd  ot  tlu.«  duixlcnum  aad  a  part  of  th«  pviDcretu  being  dnwn  oat. 
lltn  Inrj^r  of  iJin  two  pancreAtic  ducta  is  rapidly  isolated ;  in  iht  dog  Uiia 
duct  ofieni  obliqufly  iuui  tl>t>  duodenum  at  a  point  about  two  centiiaetnc 
Ih'I<«w  ih»  flomtnon  bil<-  duot. 

"The  pancmttic  duct  is  of  a  taoUii^rof-pcarl  colour,  and  is  of  the  viae 
of  a  on)«''gt  i)ulli ;  il  i«  sven  to  be  dutiendml  by  paacmtic  jnice.  Tlie  duct 
in  u|>eu<rd  with  thtt  point  of  a  due  f^air  of  acinors.  IraraediotelT,  soine  big 
ilrofM  of  a  cotourlc^  limpiil,  pancreatic  juice  flow  away;  the  jnioe  to 
vtaoDUs.  and  tho  visooaity  w  Hich  that  it  does  not  nadily  mix  with  thr 
hlw^  which  BunwUkda  it,  and  that  it  ranaina  iaolated,  much  a*  mn  oily 
lujutd  or  a  VUvfog  aalntton  of  suiu. 

"  A  luual)  alvt>r  caunula.  hariag  a|iprvxtBiateIy  a  diamrter  of  fire 
aulliuetivtt  and  a  length  of  ten  lo  twelve  eentitaelflei^  U  thea  iatiodnccd 
into  the  duct  aitd  tictl  in  with  a  li^turv  which  Lm  prerioHly  been  plaeed 
haBWilh  ttM  duct.  Tho  daodaBum  and  paaonaa  an  Ums  reCnmed  lo  the 
•hdoam,  and  ih*  wwmi  ia  doaad  hy  Mtnw.  on  haag  takaa  that  Ih* 
(n«*xtrMatty«l  tlMMlv«rl«h*prc9«etak  Is  ocdcr  topveMaterfnuMM 
«■>  Iho  MTWi9«M«l,  «Im  oaiiaii)*  m  ataacbnl  lo  tke  tataadaaT  vaD  by  ■ean* 
«l  •  liacU  Milarv^.  aa  sWvn  ia  ifca  aafcjniaad  l(viv.~    (3m  Rg.  \X  p-  19i) 

X  smmJI  UadtWv  of  <*a«tche«e  ia  ih*m  attaehad  w  tha  tanaaia  ao  a* 
lo  soUm*  tka  iaiov  which  ia  awaataJ  •5m-  tka  oyaaon.  Tike  wfcole 
gfaiativa  pttMoar*  aoe<ifmA  ia  Ckaja  DacaaiJa  haadi  &«■■  fiva  w  nx 
mImMk 

a^aM.dan» 


*IMw4>anal.'tWi. 

■  Chafc  Bai^adt  JnMm 
fteNila^  >^*«aaaMik  Sf-  raiK.  WS&  VM.  a.  fL  m«H%.£4^^*  mm  < 

^b|ia  iliial— Wi<*»Aaia>iiiiiilitf|i    *iMha|H        1        1^    I'l  ' 


«h.  FaMb.  1CS&  Tll^B.^  nPi»Ma,  Li^a   av  k*  £J< 
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H«14Tiftiitn'i 
BkaUt»d  of  tt- 


Tlifi  dog  t<a  be  sul^«at«d  to  operation  Diust  be  kept 
vritlioiiL  food  fur  36  hoiin  before  the  o|wmtioti,  niiil  be 
dfwply  narcotized  with  raoq)hia.  An  incisioa  \b  ibon  inide 
iu  ihts  lijur^a.  atha,  Diidway  bntween  the  xypboid  piogees 
aiid  (Jie  umbiliuua.  Tliv  desceading  part  of  lL«  dwHleiiuin 
]■  tbeo  (Irawit  out  bo  as  to  bring  into  v'ww  the  ntyaoent  purt  of  the 
fAnoriMs.  In  onli:r  Lo  find  thn  duct,  Uin  following  distinguinliiti^  cburactui' 
»er>w: — At  the  |»»rt  wlicrw  tlio  luwrr  lo^w  of  the  piniCTeM  i*ofid«(  fj-om 
the  concave  side  of  tlm  duodenum,  tliere  is  seen  a  transparunt  ln'idj^c  of 
ui«Mnit«ry  iotvrvcuing  b«twut.-u  tlie  intefttm«  and  the  gland.  In  ibis  u 
ntiuit4rd  a  thick  iut^^nuil  vifiii. 

On  th«  uppBr  sido  of  this  vniii  tlio  pancrooa  is  directly  applied  to  the 
ioteetinei  betwMu  Uie  vein  and  tbe  attAcbod  part  of  the  pancreas  an 
situated  nome  coarae  bundl«»  of  vvhwIb.  Now,  uauiiJly,  the  paaore*lac  duot 
raus  betwi<«n  the  bundlse  of  vewicis  and  the  vmn;  lasa  fr«<{ueiitly  it  ut 
situatt^  bvtwe«D  the  sooond  and  third  of  tfao  above-men tionod  bundles 
of  veMelo.  whilst  in  uiifavourable  caitm  the  bundle  ia  coyered  by  ycmmIi. 
The  length  of  the  duct  is  ht^ni  only  a  (ov  millinieirm.  By  the  aid  of 
carboliied  ligaturee  a  short  glass  cannula,  having  a  longtli  of  from  6 — IS 
tsillinetres,  is  tied  in  ;  the  (ntiinulH  haa  atlaclit^  to  it  some  thick-walled 
iadU'rabber  tube.  The  iutmtiov  is  provLiionally  attached  to  the  abdominal 
wall  by  two  Inoee  ligatures,  one  being  situated  abov«  snd  a  «<icon<t  below 
tb<>  duct,  the  object  being  to  secure  ndheAinn  between  tbo  intestinal  and  the 
kbdoininal  wait     The  wound  in  the  abdominal  wall  ia  closed,  room  being 


I 


Fie.  IS-    CtmuLk  txcaamit  nno  rai  Pixtxwjne  Dmrr  at»  atuoucu  to  nn 
LrramiuL  Wall.    (Beraard,  •■•  )>.  193.) 

merely  Inft  for  the  cannula.  The  ligaturea  rannected  with  the  inl««tine 
MM  nnoved  aft^r  24  bAurs,  the  stuurea  through  the  •bdoniirikl  wnII 
aft«r  36 — 43  hours.  Almost  invariably  the  cannula  falls  out  in  a  few 
dayL 

13 
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tmpomtimtr  ^^  ^'^  ^*^°  already  said  that  almost  invariably  tvro 
to  oMaiB  >ii  paacn-'iitic  tlucUt  exvA.  In  thi;  i!ug.  the  animal  wbich, 
tin  puuzmuo  with  mru  exceptiouB",  tias  been  employed  for  eipcri- 
jnlMMcrawd.  i,n.(,(jii  qj,  ihe  pancreatic  juice,  thia  is  the  case.  The 
lai^er  duct  alone  can,  huwev{>r,  be  found  in  the  living  aaimal,  and 
tlierefure  only  a  part  of  the  pancreatic  Juice  is  obtained,  the  rent 
always  making  ita  way  into  the  duodenum  by  the  accessory  duct 

The  difficulties  in  obtaining  a  continuous  flow  of 
iioriiiai  pauoreutic  juice  are  cxtrernoly  great.  Usually 
the  juice  obtained  a  few  hours,  or  Tor  a  day  or  two, 
after  the  operation  possesaus  the  characters  which  will 
be  refi^red  tn  heruaft^r  as  nomial.  but  veiy  soon,  probably  as  a 
result  of  inflammatory  changes  affecting  the  gland,  the  secretion 
lo««fi  its  normal  oliaracterH;  it  IncreaKeH  in  quantity,  the  percentaj^ 
of  8'>lids  diminishing.  It  often,  however,  diminishes  remarkably  in 
<|uaiiLity,  in  coniier|uenoe,  doubtless,  of  tlie  enlargement  of  the  ae- 
cMKory  duct.  lu  the  large  majority  of  cases,  the  cannula  si:>on 
drups  CMl  and,  in  a  very  few  days,  the  continuity  of  the  ligatured  duct 
beoooMS  ro-estublishcd. 


Dtmcolty  Ui 

ooDUnuoiu 
BOnnalfiow. 


Oeseral  Puekomesa  of  the  Pancreatic  Secretion. 

* 

The  general  pheuomena  of  the  secretion  of  pancnsatic  juice  have 
been  discovered  by  observing,  firstly  and  cliieliy,  animala  in  which 
ISCBropomry  tistulB>  have  been  established,  dtiriug  the  time  which  elapses 
before  the  fiinctionH  of  the  gland  become,  as  a  rcnult  of  the  operation, 
perrert^d  ;  and  secondly,  atiimaW  in  wlaeli  permanent  fi.uidie  have 
been  BucceosfuUy  established ;  as  a  rule,  for  reasons  stated  already, 
tb»  fluid  obtained  from  permanent  fistulat  noon  ceases  to  be  normal. 

80  long  as  the  coadttioa  is  perfectly  nonual,  the  following  ia  the 
order  of  events : 

After  a  fast  lusting  24  hours  or  more,  the  pancreas  ceases  to  secrete. 
Imiuediaiely  after  food  bftf  been  taken,  secretion  commences,  and  the 
rate  of  secretion  increasM  rapidly,  reaching  a  mnximuro  some  time 
within  the  first  three  hours.  The  secretion  then  diminishes  until 
ft  period  which  Hcidenhain  8tat«s  as  extending  from  the  fifth  to  the 
Mventh  hour,  when  a  rise  occuts,  which  lasta  to  dth — Itth  hours. 
The  secretion  then  gradually  sinks,  until  it  absolutely  ceases  ;  at 
tlie  I7th  hour  there  is  a  very  scanty  accretion;  at  the  24th  hour 


t  CaUo  or  AUbrt  roceMdri  ia  wtablinhiniB  fiitnln  ia  1am  nininuibi,  and  Uia> 
oMalned  larcer  qiiAntitiea  of  ptnanatio  jaiw  (luui  »a^  oumt  ohmr-m  (200—370 
gnna.  per  hoar  tn  the  01).  See  'BnAriowca  rar  1«  uterttion  puortttiqao  Aa»  Kren^ 
nuniiutnUi,'  id  Iho  Cmnptn  Rrndiu.vol.  nun.  (1^1).  uid  ku  illoirtmled  iMoivtiont 

m  hi*  Trail4  dc  Phytivloifi*  cvmp-ii-/*  lUi  Aainutuj  DiimtttU/urt.  P*ri*,    1SS4,  Vol.  t. 

f.  631  et  BM.  Colin  (I Inalitnl,  lti£l,  p.  ill,  qootad  by  Dondtrra  in  bin  PMytiabiglt  At* 
jfMuirJWN,  VoLi..p. 'J«0}and  FTerielu  (see'TstdBDunK'  in  W«^«r'«  //•nufir^i^rbir^A]. 
intraduNd  faanolai  Into  the  puioFeatlo  dool  ofdonkon- 
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oil  secretion  has  ccA»cd.  Tk«  Biiid  ftecr«t«d  in  the  early  pericxlx 
of  liigestiou  in  verj  visooiw,  and  soon  geltitinizeH  on  Rtandiuj;;  it  U 
highly  coaf^lablc.  It  coataioa  from  6  to  10  per  ceDt.  of  aoUd 
niAtters.  As  digestion  progremcfi  the  juice  becomes  leiu  vimnil,  its 
coa^lability  dimioishes  and  its  Aolid  matters  also  becume  leas.  So 
that  even  in  the  phy.sioltjgical  rnndition  we  may  have  a  compara- 
Uvely  non-viscid  and  uparitifflr  coafriilahle  juice. 

But,  iD  most  case».  when  a  pancreatic  nstula  has  been  estabUi*hed 
mnttent  do  not  continue  as  above,  and  the  departure  from  Dormality 
U  evidenced,  firstly,  by  the  secretiou  becomiug  coutiouoiis,  aecoudly, 
by  it«  becoming  abundant  and  noa-visooiie,  as  well  aa  by  another 
most  important  character.  The  normal  juice  poasesaes  thu  puwor. 
firstly,  of  digesting  protcida,  secondly,  of  converting  stArch  into 
dextrinK  and  multuM.*,  thirdly,  of  (rmulnionizing  and  dpcompoKing 
the  neutral  fat*,  ^uw  the  nou-vifii!uus,  abundant,  secretion  obtained 
from  the  maiority  of  casi:^  of  permanent  fiatulre  only  poasessea  the 
second  and  tuird  of  thesa  prapurtie^;  it  iK,  that  is  to  xay,  destitute  o^ 
at  least  very  poor  in,  the  proteolytic  ferment. 

Though  the  close  dependenoe  of  the  secretion  of 
pancreatic  juice  upon  the  various  stages  of  tbe  diges- 
tive process  must  clearly  depcud  upon  nervous  control, 
our  KDowIed],'e  of  the  nervous  mechanism  is  nut  »£ 
complete  an  might  be  wished.  The  following  are  the 
principal  facts  yet  ascertained: 

1.  When  the  nerves  going  to  the  pancreas  are  all  divided,  secre- 
tion of  a  diflliient  juice  is  »eL  up  and  cuutiDues ;  thin  Ih  analogous  to 
the  paralytic  saliva  which  flows  after  division  of  all  the  nerves 
supplying  the  .fubniaxillary  gland. 

2.  Electrical  HtimuUtiou  of  the  medulla  oblongata  sets  up 
secrabiou  if  in  abeyanre.  and  increjises  it  if  already  in  process. 

3.  A  useful  method,  and  the  only  one  really  nt  the  disposa.! 
of  the  exjicnmenter,  far  settiog  up  pancreatic  secretion  in  animajs 
with  pancreatic  fistulu}  Ih  to  inject  a  little  ether  into  the  stomach*: 
this  agent  seta  up  a  How  of  pancreatic  juice  which  la  characteristic 
of  the  coudition  of  the  gland  at  the  time  :  thus,  if  the  ether  be 
injected  live  or  six  hours  after  food,  there  is  obtained  a  flow  of  viscid 
and  aonoeuimtt'd  iuico;  on  the  other  hand,  if  it  be  injected  fifteen 
hours  after  a  meal,  it  is  always  diffluent. 

4  Secretion  is  arrested  when  the  act  of  vomiting  is  provoked ; 
aho  by  stimulation  of  the  central  cud  of  the  vagus,  and  of  sensoiy 
aervL'S  generally,  the  arrcsi  in  thi«  case  taxting  long  after  the 
atiniulntiou  has  ceaacd.  The  cessation  ia  probably  due  to  a  oootnto- 
tiou  uf  the  blood-veasels  of  ihe  paucreaiL 


imiaaaM  of 
til*  D«rT»iu 
■rvMm  upon 
tttpaaoTMtU 


*  Th«  ftutLar  1*  indebted  for  lli«  muamujr  of  M  tli«  iMta  irhUili  on  here  itatvd  to 
BelilenLain'*  account  in  B^nnnnn'B  ltan4bw\  in  which  th«  reader  U  r«tbrr««l,  mc 
Vol,  T.  p.  191  et  »cq. 

^  Ruhso,  Lefirimch  dtr  phj/$ioi.  CAnn.  p.  US. 
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Tiaws  u  to 
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S.  Id  dogs,  atropia  stops  the  secretion  of  pancreatic  juice,  but 
oot  in  rabbits  (Pawlow).  Filocarpin  intlucea  a  sUi^giiih  secretion 
of  coDcentnCed  juice  (HcidenhaiD).  Curare,  according  to  Bernstein. 
inermaes  the  flow  of  pancreatic  juice,  but  according  to  Heidonhain 
generally  diminishes  it. 

From  the  acaJo^*  to  tbe  salivao'  glfuids  Heideu- 
bain  thinks  it  like!}'  ihnt  in  the  pancreas  as  in  the 
salivary  glands  there  exist  two  classes  of  Bccretory 
nerves  which  iuflucuce  activity,  viz.  lru\y  secretory,  ije. 
which  govern  the  spparatiou  of  wat;>T  by  the  gland, 
and  trophic,  which  by  influencing  tbi;  cxchftugcs  of  matter  iu  the 
lecreting'  cells,  influence  the  passage  of  solid  uoustituenU  into  the 
secret  iuu. 

oirealatocr  Bernard  pointed  out  that  the  fasting  pancreas  13 

duutfu  la  tha    pale,  the  active  pancreas  firm  and  turgid;  and  Rijhne 
p«BCT»i«.  j^nj  Lett  have  nbscrvcd  the  circulatory  changes  going 

on  in  the  pancreas  uf  the   living  rabbit  which  are  referred  to  in 
the  subjoined  paragraph. 

Chang»  in  th»  uppmranoes  of  tiie  secretory  cells  tokiclt  accQmpany 
secriAion,     ConcovUtant  vascular  chanffes. 

Our  knowledge  of  the  remarkable  changes  which  the  secretory 
cells  of  tlie  pancreju)  undergo  diinng  digcHtioii  is  derived  firat  of  all 
from  the  reseiuvhea  of  Heidenhain',  which  have  been  uinhrnied 
by  the  remarkable  observations  made  by  Kuhne  and  Lea*,  who  were 
able  to  watch  the  actual  procRfts  of  pancreatic  secretion  in  the  case  of 
iJio  transpaniut  pancreas  of  young  rabbits,  which  waa  drawn  through 
A  small  wound  in  the  abdominal  wall,  and  examined  under  the 
microscope,  special  arruiigcm<^ut.''  being  employed,  which  prevented 
43vap(iration  and  cooling.  The  following  i»  a  short  hut  admirable 
.nummary  bv  Profe^or  Michael  Foster  of  both  Heideobaio's  and 
(CubDe  and  liua'a  renearchos : 

'  We  leain  from  the  nm-arcLeo  of  Heideidiain  that  each  (tecretiiig 
cell  of  a  {HUicntiiH  of  an  hhiiiihI  (dog)  which  Inut  lieon  fa*titig  for  30  houn 
ur  mor«  consi»ta  of  two  zon4«:  an  inner  lonn,  next  to  the  luin&n  of  tba 
aIycoIus,  which  is  studded  with  finu  graauloa,  and  a  aoiallcr  outer  zone, 
which  w  homogeneoiu  or  marked  with  delicate  striw.  CarniinH  staina 
Uw  outer  xoiM  ouily,  tiio  intwr  sane  with  difficulty.  The  nucleus,  more 
or  Ibh  irregular  in  sb«|>o,  is  jiUcod  partly  in  tba  one  and  partly  In  Uu 
oilier  xo»e.  When  howeror  tlie  pancrras  of  an  anunal  in  full  diction 
(about  aiz  houre  after  food  and  onwards]  is  examined,  the  outer  homo- 
gnteoa»  xonv  ia  found  Ui  bv  much  wider,  tliu  granular  ionvr  xvao  buiog 

1  PflUstr'B  JrcWr.  i.  (1B7«|.  p.  B£7. 

*  KOhnc  n.  Le*. '  B«otMhtangea  Ubn  die  AbnoudenuLK  im  Panina*.'  Verluad. 
•1.  SatwhUt.  Mr4.  i'trtim  nt  Btidtiberg.Bd.  i.  1977,  Ucft  5,  aod  UitUrt,  a.  d. pkfiM. 
Itut.  Bd.  u.  S.  4t8. 
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iiiiriM|4«h(lliiKljf  uwrrmur,  arul  In  iomo  cum  aettutlly  diaft[^)«aritig.  Tbe 
•  ht'Io  M>ll  to  «iiNl|f<r,  <ui'l  xwinK  to  the  relatirclr  Wger  Biz«  of  t&i^ 
iKihtr  miiii,  hUIiib  wrtll.     Th<-  iiiiokiM  u  iipherical  and  well  fonnod.    If 

ilin  |HiiMiM>nH  I iHinlniHl  «t  thn  ond  of  ilif^ntion,  vbea  its  a«Uvit/  hu 

uliiiti  iiiKHt  <H>fiM>i],  Aiiil  U  liiia  tititonKl  iutu  a  Htut«  of  rest,  ibe  outer  zon« 
Id  iimnIii  fiiiiiKl  III  l>i<  iiiirruw,  ifan  gi-nnnlitr  iiinur  tone  occupying  Uio 
itoitlM  (iHi'l  iif  Utii  iiill,  wJiidi  in  oonitequanoe  Btuins  wilL  difficulty  i  utA 
tno  wKiiIti  i>i>ll  ||M«  iHion  luoro  bwonio  IftrgLT.  Tlivre  e»«ma  t^  be  but 
"Itn  Itili'iiiii'lftll'Mi  «>f  th«Ht  flioUk  DuriDjt  the  tiinu  bb«t  ihe  pancrcan  i» 
wt'ivtlitg  ihimI  ia|>iilly,  lhon>  in  n  (liniiiintion  oC  t\\o  innvr  toaf. ,  ih»t  a 
hi  Hf,  ihii  hihpr  «uii>  rnnit«ltf>«  in«tt>rial  tor  tbe  Becretioc.  Hut  whilg 
lllii  ItiHt'i'  villi*  In  illnimmhiiiK,  tlio  outer  luoe  is  incnasing,  tbtA  i* 
«^,v,  itw  iuHbt  >tiUo  i«  Ittiih^  tiuilt  up  ugtin  out  of  mat«mb  bronghi  toj 
fl^tlli  lUti  l>>iHul,  ititiugh  not  (41  Huck  »ii  ext«iit  w  to  piW4BL  the  wl 
v«l)  dr^itu  tHViii»ii\j]  KinitlliMr.  SVtiitn  dtg«tttioci  u  rndnJ,  after  Hk  , 
Km  fiwwnl  l(>  »wrrlt\  ibo  iiuiwr  wn»  Kguu  fnUr^^,  vTidentlr  at  the 
*«)«iittw  !</  llwt  wiu<r  MMtv.  ihxugh  th»  ktwr  iUm  eontiii—  to  iocnwv. 

VKMII«||    Ik*    %>it4*    ^\'ll     l<^    tn^'VM*   Hfg"-      Ifnm   thMN    till    the    tirxt 

»»>'''  '•*  a  |«tttol  PUB— pto  t(  Ih*  lucr  aowv  «o  thtf  the 

«tiu  .,>,••  MM<»  aMMptowawa  «fil^  >hH^^  tha  vhale  oatl  he- 

9MMM   «MihlW,      KvMmM^    Mt  «C  «h*   ffttlflMH   of  A*  wll, 
nwM  kumml  M  Uka  numiv  «<  ikaUaaA  than 
4  hMai^  ^  kwaM  ar  ^ 


H«W>»CTJ>  M  Ihif  <MfMw«f  IW 


Mcrotion ;  and  their  rmultA,  while  they  extend,  in  the  in&in  corn>l>omte 
itiOM  of  Hei(l«>nliAin.  Id  tbtt  i]uiiwc«nl  jmiici-ttut  of  ihv  ni)>1iit,  Fij^.  13  A, 
Uw  mIU  are  for  the  moat  |iart  filk'd  with  graniili>ii,  the  tiiiiiHpim*nt  oiiUt 
KiD«  beriog  reduc«<l  to  aiii&ll  diuieiiftionft ;  the  oiillines  of  the  iudividual 
celU  »n  -nry  imliittiiict.  with  tli«  mHrgiiiii  of  thft  alvmii  iiniooth  ;  the 
hunen  of  tlis  nlwolua  ia  ohHcun- ;  and  t£e  liluoci  Hiipjily  iit  HCiuity.  Upon 
Kcretiotx  bolug  set  uj>,  Pig.  13  fi,  t)i«  niargiiia  iff  tho  uctivo  alveoli 
bcooiii«  intlenti^I  thmiij^h  a  liulgiiig  of  thttir  oonntitnent  eellR,  the  out- 
linm  of  which  now  Vk^cuiik^  (bstincl ;  the  ^miiulcK  relmat  towitrdn  the 
inntT  xon«,  bordering  on  the  cavity  of  tho  *tvooiu«,  and  as  w>crfttion 
goes  on.  evideiitlv  dimiiiisli  in  iiiiinlmr.  the  wholi?  eel!  btcomitiR  hyaline 
and  CraiiKpHn-iit  from  tho  outor  bonier  inwardu;  at  tht*  name  tiiue  the 
blood-Tcawi/lt  dilate  larji^Iy,  and  the  8trc«m  of  blood  tbroilgh  th«  capillaiioa 
1)eooinea  full  and  mpid.' 

Quaautr  of         Allusion  has  niread}' been  made  to  the  dtfJicuUies  which 
pwMreatle  attond  nttcinpts  to  colloet  the  whole  of  the  pnnpreatie 

jnlM  Mowbd.  juice  secTL-teti  by  an  auimu! ;  these  difficulliea  explain 
th(?  discrepancies  id  tbo  statcuieDte  of  various  observors  coacGming 
the  luniMinl  of  juico  Hocrrtcd  cithor  durin;^  u  single  uct  of  digestion 
or  in  a  ^veii  time,  aa  in  24  hours.  As  a  rosult  of  ubiwrvatioug  on 
temporary  fiHtuti?,  it  has  been  estimated  that.  afl.<iiimine  the  rate 
of  secretion  in  nmu  to  be  in  proportion  to  that  in  the  dog  a  imin 
would  secrete  in  24  houra  from  211  to  3+7  grammes'.  The  older 
cetitDatcs  fouaded  on  the  ob&ervations  of  Ludwig  and  Weinmann 
weru  much  higher*. 


Section  :*.    The  Phtbicai.  akd  Chemical  Charactrrs 

OF  THE   PaSCREATIC  JuICE. 

Ill  describing  the  general  phenomena  of  the  pancreatic  isecretinn 
M»ae  of  its  more  promioent  phTgical  and  chemical  characters  have 
beeo  referred  to,  though  a  cumplutv  deacriptiou  lias  been  reserved  for 
Uiis  section. 

Physical  Characters. 

The  juice  obtained  from  teoiporarj-  fiatnle  or  iu  permanent  fistula* 
■when  changes  in  the  gland  have  not  f>ccurred,  iS:  as  haa  already  been 
fiaid,  a  mi>re  or  less  viscid,  ghiry  litjuid. 

It  contains  suupended  in  it  conataotly  certain  morphological 
elements  (Kllhne').     These  are: — colourless  blood  corpuBclea  of  the 

>  Tli.WhM.'UhfbutitAfrfhyiiolngiieh^H  CkfmU.  ima.Ti.  114. 

'  Tli«  reader  la  rvferred  for  data  relatinic  to  th«  olifer  cipirrimcDto  (o  Doadera, 
Phftiotofle  itM  Mmtthtn.  Vol.  i.  p.  208. 

■  Rubna,  'UeWr  d»e  iworvt  dn  Panknaa.'  Vtfhind.  d.  lfat}irhht.  ilrd.  I'trtim  nt 
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smaller  kinil.  wbich  uxtiibit  filuggUh.  yot  perceptible,  amoeboid  rnor** 
meou  :  corpueclee  wbicli  &t^  Icu^or  than  tbe  nbove- mentioned  eotour- 
lisas  coqiusclcs,  but  smaller  than  the  ao-called  salivary  oorpusdM  of 
mixed  saliva  willi  ■wliieli,  however,  tliey  agree  iu  all  other  pBrticulnm 
Those  corpuscles  have  in  their  interior  gmQutoii  which  cxoibit  lively 
Brawtiian  movements  and  possess  one  to  four  nuclei.  At  favourable 
temperatures  the  iDorphological  elements  are  digested  and  dissolved. 

OowalatleiL  Claude  Bernard  described   tbe  pancreatic  juice  as 

becoming  more  viscid  as  it  cooled.  Kiilinc  has  bow- 
ever  found  that  when  cook-d  (as  to  0*  C)  it  untlergoes  a  true  coagu- 
lation, separatiug  into  a  guUtiiiuus  and  a  diffluent  port.  In  coa- 
seqiienco  of  this  property,  thy  paucreatic  juice  often  forms  compact 
opaqiiv  clots  in  silver  cannub'. 

IAlkaUnlty.  The  pancreatic  juice  is  invariably  alkaline. 

i*M*'  The  pancreatic  juice  possesses  a  saltish  taste. 

SpediLo  The  6iiid  of  the  temporary  tistulip  has   n    highor 

fnirtw.  specific  gravity  tbau  that  of  even  sncceswful  permaii«nt 
fi«tul«-.  The  furmur  has  a  specific  gravity  of  1030.  the  latter  between 
1010  and  1011'. 


General  Chemical  Characters. 


Whcu  heated  on  the  water  bath  to75°  C,  pancreatic  juice,  obtAiood 
from  a  temporary  fistiita,  in  coagulated  ko  completely  as  to  become 
converted  into  a  white  opaque  iua«s,  from  which  there  separate*  a 
.slightly  opalescent  fluid  more  alkaline  than  the  nncoaeulated  juice, 
which  is  precipitated  by  acetic  acid  and  contains  alkaline  albu- 
minate. 

When  pancreatic  juice  is  dropped  into  water,  the  drops  coagulate 
as  they  fall,  the  piecipltttiL-  being  soluble  iu  NaCl  and  dilute  acids. 
When  droppiitl  into  very  diluto  acids  a  similar  coagulation  takes 
place,  but  the  cougula  nrc  dissolvi.il  wheu  Kbukeu  up  with  the  acid. 

Aleohul  added  to  pancreatic  juice  produces  an  abundant  white 
floccuteot  precipitate,  which,  even  when  washed  with  or  digested  ia 
absolute  alcohol,  is  for  tb*?  most  part  soluble  iu  uatcr  at  0°  C  Acetic 
«cid  does  not  prccipitalc  this  watery  solution;  after  ht-ing  acted  upon 
for  some  time  by  acetic  acid,  on  ueutralizatioo  a  pruteid  preapitate 
is  obtained.  The  portion  of  the  alcohol  precipitate  which  is  insoluble 
in  water  behaves  aa  a  coagulated  albumiu. 

The  alcoholic  prccipiuto  referred  to  cairios  down  with  it  tbe  vorioia 
fwmcuts  whi>8e  action  will  bedescribed  in  the  sequel.  Tbe  poucreatio 
juice  it!  precipitated  by  the  concentrated  mineral  acids,  by  metallic 

'  litiy,  W*  'Ptftkwwwiti,'  iu  Bwiuwiu'ii  Uatatlmcli,  Vol.  y.  pm  I,  p.  187.  Tbo 
tot  ioM  not  know  tha  ori^BKl  aoaro**  vbatiM  ihM«  dftta  liAvn  bepn  obt4iocd  and 
I  not  hold  himself  t««pan>lble  (or  th«ir  ueuru;. 
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salts,  bjr  t&QDic  odd.  Cblarine  or  broTDme  water  added  to  freab  pan- 
creatic juice  occasioDB  a  white  precipitate.  If  however  this  reagent 
be  added  to  pancreatic  juice  which  has  been  expoeed  to  warmth  for 
some  time,  it  occasions  n  red  colour  (Tiedemann  and  Omelin). 

PsQcroatic  juice  undergoes  putrefiu:lion  with  the  uti)iu»ttia»c.  The 
red  colour  above  referred  to  as  brought  about  by  chlorine  la  due  to 
A  body  yet  unknown  which  rCBuItB  from  dccompositiuu  (Trj'ptophaii). 
Id  a  juice  which  exhibits  the  cbloribe  reawitioa,  decoiiipositiuu  rapidly 
proceeds  a  step  further,  ftud  then  the  reaction  no  longer  occui« ;  oq. 
however,  adding  impure  coloured  nitric  acid  to  the  how  fuul-sinelling 
liquid,  a  red  colour  is  developed  which  \9  due  to  todol  (C',H,N). 

Normal  pancreatic  juice  contains  at  leait  three  dii- 
tinct  cnzj-mes,  which  will  be  treated  of  at  length  in  the 
sequel.  These  are  :  I,  a  protenlytic  ferment,  which  at 
suitable  temperatures  and  in  solutions  which  are  neutral 
and  faintly  alkaline,  readily  decomposes  proteids  with  the  production 
of  peptones  and  amido-acids,  eucb  as  leucine  and  tyrosine:  :i,  a 
diastatic  fermeaty  similar  tothat  which  exists  in  saliva,  converting 
starches  into  crythrodcxtrias,  ochn^odcxtrins  and  maltiiw :  3,  a  fat- 
deoooipoeing  ferment  which  brings  about  the  hydrulylic  decompo- 
sition of  the  neutral  fats  into  glycerine  and  fatty  acids.  Although 
these  three  ferments  always  co-exist  in  iionoal  paiicrt-atic  juice,  in 
the  continuous  thin  secretion  from  permanent  fistulie,  the  second 
and  third  ferments  are  sometimes  found  unHCCompaaied  by  the  first 
or  proteolytic  enzyme. 

In  .500  ex.  of  freshly  secreted  pancreatic  juice  ob- 
tained from  a  large  num1>er  of  dugs,  KUhne'  was 
unable  to  discover  a  trace  of  tyrosine.  Leucine  was 
present,  but  in  no  small  a  quantity  as  to  be  only  dis- 
cuvemhle  by  the  microscope. 

The  viscoust  secretion  obtained  from  recently  estab- 
lished fistutv  (<log)  contains  approximately  id  1000 
parts 

900  parts  of  water, 
90         „      orgnnic  solid  matter, 
10        „     inorganic  salts. 

The  oiganie  solid  matter  is  composed  mainly  of  proteids  aod 
lermeota  OenvrsUy  the  more  abundant  the  flow,  the  smaller  the 
aiDOunt  of  solid  mattvr  in  Botutiau.  The  suite  consist  mainly  (that 
is  to  the  extent  of  about  suveii-teutlus)  of  sodium  ehluride ;  the 
remaining  salts  aro  sodium  carbonate,  with  traces  of  sodium  phos- 
phate, earthy  phosphateH  and  traces  of  iron.  In  the  first  of  the 
aoatyaM  given  in  tbe  subjoined  tabular  view,  Schmidt  found  the 
iaorganic  matteis  per  1000  to  be  88,  and  in  thlH  the  NuCl  amounted 
to  7-35. 

<  K«line,  •  Dsbar  iu  Sttael  dea  Pwnknu,'  loc.  ctL 
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The  thm  jiim«  w«rM«d  oontinQMsly  1^  petmuuHt 
fistnir  is  tociieCuBaB  doC  co^akble  W  bcttt  alone,  b«t 
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10— SO  puis  per  1000  of  solid  iHtteaa. 


COVTOSmOK  OF  FAXCBEATIC  JUICE  «C  SCH3IIDT'). 


UFater  in  lOOQ  pw1i< 
eoatdniif 

L 

u. 

900« 

99-2 

90-4 

884-4 
115-6. 

1 

1 

342 

I«4 
6-8 

9T94 

90-1 

12-4 

7S 

9S4-6 

15-4 

9-2 
61 

SiXTiON  ♦.    The  Paxcbeatic  Esztme  oojtsidcred  is  dctail. 


I 


In  tlie  last  section  in  diacatonDg  the  general  chemical  conipositioo 
of  the  pancfeatM  juice  we  hare  referreato  the  fad  that  it  poascavu 
retj  raaaikable  propenie:^  of  artiog  on  oi)gauic  bodies,  and  U»l 
(Me  aie  suppoeed  to  be  depeodeat  Qpon  the  ezistence  in  the  juio» 
of  three  distinct  enzymes.  It  has  farther  been  slated  that  when 
the  pancreatic  juift:  is  precipitated  bf  aJoob*^.  the  precipitate  which 
fadU  carries  down  with  it  the  ferments.  The  pre<npitatf-d  body  was 
iiMloed  Ibnneriy  supposed  to  constitute  the  fcnneut,  aud  thv  opinion 
prevailMl  that  ihie  ferment  is  poweaaad  of  various  propertiaa.  We 
BOW  ki>ow,  however,  that  the  activity  of  th«  so-eftIl«d  pattertatiA,  is 
dae  to  a  roecbatiical  entanglement  of  the  ferrneutjs.  which  appanntly 
are  noc  associated  wnth  one  body  btit  are  distinct  bodiee. 

We  must  now  in  the  timt  place  carrfuUr  examine  the  chief  facU 
lelalioff  to  each  of  the  ferment  actions  of  the  pancreatic  juice,  and 
■tndy  uie  products  which  take  their  rise  in  these. 


>  T1ii«i*Ue.«Mehii 
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I.     THE  DI ASTATIC  EXZYME. 

The  saiit'a,  we  have  ec«n,  is  a  Hquid  which  ouly  posteiBW  sn 
auylol^tic  action  in  a  lew  animaU,  the  great  majority  of  animals  Imv- 
irig  B  .saliva  which  poiise^ses  no  diastatic  ferment. 

■s^o^r     or  Bouchardftt  and  Sandroa',  in  18+5,  first  discovered 

"iioofwy.  ^Q(j  estaUishud  with  prcciaiou  by  means  of  observations 
carried  on  with  th«  aid  of  pancreatic  iufuaions,  as  well  n,s  of  small 
([Uuntities  of  paucrt-'atic  juice  obtained  from  heiia  and  geese,  that  this 
8ecrt*tion  poasenaeB  powerful  diastatic  prumrlifs,  starch  being  rapidly 
converted  into  glucose.     They  extendeil  tneir  observations  to  rabbits. 

It  liaa  been  erroneouBly  stated  by  many  wntere  possessing  high 
authority  that  thia  discovery  was  first  of  all  made  by  Professor 
Valentin  of  Bern.  The  sraitcmcnt,  fto  far  as  the  author  eau  make 
out,  first  appeared  in  Frerichs'  article  'Verdaviung,'  in  Wagner's 
Jlaudwdrterbuck  der  P/i</sioluifie.  Vol,  ID.  port  l,p.  847,  and  has  been 
repeated  by  subseqncDt  u.uthors  (Douders,  O'uUn  and  Maly).  Thus 
Dondcrs  says  {Phi/giologie  des  Meiisdien.  Vol.  i.  p.  264),  "Valentin 
schctut  zucntt  gefuudiiu  zu  habiiti,  dasK  dor  Bauchspeichel  die  £i||^Q- 
sch&ft  besitzt  Sl&rkemeh)  Hchnell  in  Zucker  umxuwaudclu.  tind  alje 
spat«ren  Untereuchungen  haben  dies  bestatigt" 

TLh  observations  of  the  di.<itingiiished  Bernese  phyaiologiKt  Valen- 
tin are  recorded  in  his  Lehrluch  der  PhyfioiogU  (Braunschweij^, 
1844),  Vol.  1.  p.  340  and  341.  They  were  experiments  in  which  a 
complex  mixture  of  alimentary  Bulwtancca  and  of  digestive  juices 
were  observed,  and  so  far  from  pruviug  the  conversion  of  starch  into 
sugar,  scarcely  warranted  even  the  iDiOdeet  and  cautious  conclusion 
which  Valenlin  expressed  \\s  follown :  "Wiu  mau  sieht,  erlauben 
diese  Erfahhingen  noch  keine  irgend  beetiniraGudon  ScKliitte. 
Hbch-stens  dciitcn  sic  daraiif  hin.  darks  viulleicht  die  PancreasflU-ssig- 
keit  die  Fiihigkeit  habe,  die  Stiirke  loslich  zxx  maehen  uud  biswoilen 
eine  Um»etziing  denielbea  einxuletten."  No  better  examplu  could 
be  given  of  the  way  in  which  errore  in  iicientilic  history  liavo  been 
propagated  by  the  habit  of  quoting  opinions  at  second  hand  without 
taking  tbe  trouble  to  examine  the  evidence  on  which  the  opinions 
were  based ! 

The  action  of  pancreatic  juice  on  raw  starch  is  generally  stated  to 
be  but  Klight'j  ou  starch  muuilugc  it  is  surprisingly  great.  At  Sa"  the 
action  is  intensely  energetic. 

The  diustatic  action  of  the  difHuout,  abnormal,  secretion  from  per- 
manent listukH  is  said  (KuhiiL<)  to  be  as  powerl'ul  as  tlmt  of  the 
coherent  ooocentrated  liquid  of  permanent  netuUe. 

>  BonehaHAt  *t  S«Ddn»,  'Dm  Toaotioai  da  puicfAw.*  CortfU*  Raidui,  it 
rA<*MmU  det  SciVmm*.  Vol,  u.  U  Avril,  1845. 

>  KUlU*  it  nal  of  Ibi*  opinion.  'A-ot  robtr  StKrko,  vw  a,a»  i^iikiMhUir  biU«t 
•ia  "tyT^gtr  TrinStn  iaa  SooroU  mit  ntudur  0«Mhwiadigkett  Zuokor.'  Jjkrtnuk, 
p.U7. 
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When  discassing  the  methods  of  preparing  active 
solutions  of  Trypsin,  a  raethod  will  bo  described  where- 
by the  pancreatic  tissue  may  be  iiidufinituly  pre- 
served, and  active  exUEu?ts  obtainoil  at  any  time. 
The  mctliod  consiate  csec^iiliiiUy  in  dehydrating  the 
finely  divided  pancreas  by  macuratinj^  it  in  alcohol, 
and  iifterwards  extracting  with  boiling  other.  The  iasotuble  residue 
te  exposed  to  the  air,  so  uh  to  alluw  the  ether  to  evaporate,  when 
there  is  left  a  white  friable  solid  mass,  which  may  be  powdered  aod 
kept  in  a  stoppered  bottle  for  fnture  use'. 

By  digesting  one  part  of  dried  pancreas  at  40"  C.  for  3,  4  or  5 
hnuni  in  lu  p&txs  of  a  O'l  solutinn  of  salicylic  acid,  extracts  of  great 
activity  may  be  obtained. 

One  of  the  beat  methods  of  preparing  a  very  active 
solution  of  the  pancreatic  enxymes  is  the  following,  in 
which  lulvantflge  is  taken  n(  the  fact  that  they  are 
very  snlnhle  in  water  and  that  tlK-ir  aqueous  solutions 
are  preserved  from  decomposition  by  a  small  addition 
uf  alcohol: — 

Digest  fresh  pancreas  freed  from  fat,  and  then  chopped  up,  in  four 
limea  its  weight  of  dilute  alcohol,  containing  25  per  cent,  of  rectified 
spint  (Lc  of  alcohol  uf  ap.  gr.  0'8;)ti).  The  digestiuu  is  amtiiined 
for  four  or  live  days  with  occasional  itgttatioa.  The  mixture  is  then 
filtered  through  paper.  Filtration  in  nuich  facilitated  by  the  ad- 
dition to  the  solution  of  002  per  cent^  of  acetic  add  (contniuing 
28  per  cent,  of  the  anhydrous  acid). 
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Deyree  of  Activity  and  Mode  of  Action  of  a  SotuHoti  of 
'  thi  IHaittatic  FermeRt 

Following  the  last  method,  a  solution  may  he  nhtainod  possessed 
of  remarkable  activity,  though  this  difier&  according  to  the  animal 
employed  aud  its  individual  circtimstancw  ftc  The  pig  yields  tlit> 
moct  active  solution,  its  diastalic  value  being  more  ttian  ten  times 
as  great  as  that  prepared  frum  the  pancreas  of  the  ox  or  sheep. 

The  action  of  the  diastatic  ferment  of  the  pancroas 
and  pancreatic  juice  appears  in  essential  partrcuUni  to 
resemble  thai  of  the  Baliva  and  salivary  glands ;  i.e. 
the  products  fonne<l  are  the  same,  the  conclitiuus  of 
activity  are  similar,  be.  Aoconling  to  v.  Meriog  and 
Musculus'  in  both  caaes  there  are  formed  Jichrrodex- 
trin»i,  maltose  and  a  little  grape-sugar. 

■  r»)cre4ia  Uiu«  pr«pai«d  may  he  obuin«d  vnitj  tbo  dMignatiun  'Putknan. 
Irorkrn  nach  Kfthne.'  froni  l)r  Orilblu,  BajreracU*  Sinew  IS,  LtdpE:);,  mai  tg  «ald  » 
lb>  price  of  T*.  (w  100  sracuiM*. 

-  1.  M<nuR  u.  Muacalas,  'Ccber  di«  DnKmndlnnft  von  Htirko  an<l  Oinogtu 
dutch  Dtft«tu,  Kpoiehel.  TuikniM  und  Jusberfsnaaat.'  ZtiUthr.  f. phg*.  CIum.  VcLn. 
a879-7»).  ^  ^o3. 
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Roberts  lias  found  tlial  tlic  action  uf  pancreatic 
Jiastasi!  ua  ittarch  mucilagti  ttwreasee  in  speed  {rota 
i!«n.  to  30'(;.  Krom  this  to  45' G  the  rate  of  action 
cuiititiues  steiuly.  Above  45"  the  action  becomoa  domr 
and  slower,  and  ceaiide  between  60°  »od  70°. 

We  bavo  seeu  tbat  within  a  certain  nuige  of  Uao' 
pcralun>  the  repidltj  of  the  action  upon  starch  jucreaaa. 
Ttfmperattire  and  all  other  conditions  being  enctlj* 
similar,  th<;'  rapidity  of  the  action  will  dept.-Dd  upoo  tba 
cjuaiitiiy  of  ^'nrrme  present.  Thi&  is  wvU  bruu^rht  not 
iu  the  following  remarks'. 

'TW  i^wmI  al  wfakfa  «  given  qoaotitj  at  wtMnh  is  (rmmfbmxd  fa; 
~  jf— Ji  casetrtiaUjr  oo  tbe  proportioo  of  fvfsient  brought  to  ut 
it.  la  tbe  abor«  txptrimnttU  <«atp«ntBe»ta  in  vkidi  a  miainul 
«|«anlit]r  «f  diastatic  solBtkn  actrd  a|Ma  iMuch)  the  prepoctim  of  diaita« 
«u  my  ■■■»•  H  ooaqHiiaaa  vith  t^  aanODl  of  ■tamh,  and  the  actiaa 
weiit ««  atowty  Ar  Ciatj  nigh*  hovn.  6>at  if  w»  KtwM  tfcw  ptvportMH 
aaA  His  a  naall  anawM  of  ftarch  vhh  a  larf*  aoMwai  of  dJartaae  tia 
ttaadtraatiiia  m  JwifntawwJy  awampftihri.  If  a  lart  tube  ha  htM 
MM  with  an  actiw  vxtnut  of  paatw  aM  a  Ivw  dnofw  of  abareh  nmrilip 
he  i^VK^I?  >4iak«a  ihecewith,  yam  ^kmC  dekeet  the  naetioa  of  atanA  « 
daxtrvB*  in  tW  nuxtare,  bowmr  |a«Bya  i>aa  mar  be  with  tW  Iftiaj 
iha  ttaacConM^M  baa  faOawsi  «■  tfea  adMsanw  m  iiilaBMaiiii^j  m 
the  tiilnh ■■  «f  tfca  c^na  Ml>»»  tfca  faB  aC  Ifc 
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ferment  is  liberated,  perhaps  by  a  process  of  dissociation,  may  be 
exlracced  from  the  pttucreaa.  luid  sululions  of  it  arc  found  not  to 
possess  proicrtlj-iic  properties,  though  they  may  acqulru  those  by 
ihe  acliou  of  certaia  cxterunl  nguiita.  ThiH  antecedent  of  the 
femient  hiis  bc't>ii  termed  by  Heidenhaia,  Zymayen.  In  dia<!UH8ing 
the  origin  of  pep.-un  we  have  already  rofeiTcd  to  evidence  which 
appt>arB  to  shew  tnat  iu  the  caau  of  that  enzyiue  also  there  prithality 
exiHtii  an  aotecedeat  (which  oome  have  eren  named  Fepsinogi-ii) 
which  does  not  posaev  proteolytic  propertieii  but  which  rtcniiires  these, 
for  example  on  treatment  with  acidu.  We  have  also  adduced  Giicta 
which  prove  the  existence  of  a  aymogen  of  the  rennet- ferment. 

It  is  prohitble  Ui»t  what  is  ccrtidiily  true  of  the  pmtuulytic  ftirmeut 
of  the  pancreas  may  he  true  of  its  diastatic  fermt'iit,  aud  we  may  ask 
ourselves.  Is  there  auy  ^.-vidcucu  iu  support  of  au  antecedent  or 
zymofjeu  of  this  formeut  ? 

Two  years  before  Holdcnhaiu*  published  the  re- 
markable paper,  rich  in  fresh  facts,  in  which  he 
]J^"w  ADUouiictd  his  discovery  of  the  zymogen  of  the  proteo- 
lytic ferment,  Liversidge.  working  in  roster's  laboratory, 
had  publii^hed  facts,  which  have  not  received  the  notice 
which,  they  deserve,  and  which  point,  as  the  Author 
thinks,  to  the  probable  existt-nce  m  the  panoruas  of  an 
antecedent  of  the  diantatic  ferment 
Liversidge  removed  the  diastatic  rornient.  from  the  pancreas  by 
Umg-cnntinued  wimhing  ia  water.  The  tniuccd  pancreas  which  had 
beea  thus  exhausted  va»  transferred  to  a  Alter  and  allowed  to 
remain  exponed  to  the  air  for  n  few  hours,  when,  on  again  treating 
it  with  n  Bmall  quantity  of  distilled  water,  a  very  active  diastatio 
solution  was  obtained.  Again,  he  shewed  that  in  order  to  exhavist 
minced  pnncroa.1  of  itn  diastatic  ferment  by  tlin  action  of  glyeerin, 
contact  of  large  quantilies  of  glycerin  duiing  fourteen  months  was 
neeesKary.  The  pancreatic  tissue  which  had  been  rendered  thus 
iDactive,  after  standiDg  ou  a  musliu  filter  for  stx  hours,  readily  gave, 
not  only  an  active  aqueous  extract,  hut  aJso  yielded  ait  active  glycerin 
^ution*. 

At  the  same  time  there  are  two  points  in  conuectiou  with  this 
qUBtion  which  should  ho  borno  iu  mind.  (I)  In  the  above  oxix^ri- 
mentri  it  can  hardly  be  regarded  ui  absolutHly  certain  that  the 
diastattc  action  exerted  by  the  pancreas  aiter  exposure  was  not  due 
to  bacteria.  (2)  The  zymogens  of  trypwu,  pepsin,  and  of  the  rennet- 
ferment  ore  all  soluble  in  water  (or  water  containing  a  little  soXi): 
in  au  lu^ueous  extract,  the  zymogen  can  be  shewn  to  be  present,  if 
when  treated  io  certain  ways  the  solution  shows  ferment  activity. 

'  fUiJ*nti*in,  'ycstrige  snr  KrantniM  dM  PkiikMMi,'  Pfliiger'a  Artkir,  Vol.  x. 
fl87S),  p.  UT.    Tlu  put  oOBIaiBiDii  lliii  papor  ws«  publwlwil  os  Jnna  25Di. 

*  Lfmtidffi.  'On  Uu  Amjloljtie  Pamwiit  of  Um  PaDcraaa'  ifrom  tlm  Pliyuolo- 
peal  LabonMrj  bi  tha  Unirmaity  of  Csmbridfis).  JimrmU  nj  A'tatam^  ^nA  Vhftialan^ 
vol.  vin.  flSTt),  p.  U.  Tha  DombMr  of  tho  Jonnul  oontaining  Ihii  paper  «m  irabluhad 
iu  Nomubcr,  IB78. 
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Now  it  may  be  argued  that  the  aqaeoos  eitnct  ot  tlw 
of  Uie  saliTUT  giatoda  ooaluiis  do  diawtatic  ijniagBQ  fiv;  •»  far  a*  » 
kirown.there  u  do  treatment  whkh  will  incresw  tto  Jartttir  aotnij. 
If  we  could  obtain  aa  extract  of  the  pancreas  whtcii  wbea  adM  W 
starch  exerted  oo  effect  od  it,  bat  whicb  wheo  tnmud  -mixk  ablli 
acid  and  neutralized,  or  by  aocne  sinular  meibod,  tmpid^f  a»- 
Tert«d  5tarcb  to  mgar,  then  we  should  bave  |iiiiMiiinaiw  otisK 
of  the  existence  of  a  diastatic  zytn^^a.  From  the  ftets  m  *vfW' 
seMioo  we  appear  compelled  to  admit  eitber  that  a  aju^gim  rf  tb 
diastatic  enzyme  does  not  exist,  or  if  it  ejdiu  that  it  ifiSen  fi<^  lb 
nutogens  of  aualogoiu  fermeubt  by  iU  tu^nlRfity  in 

for  beUMtiwim         The  individoality  of  the  djartilic 

um    bdvi^  dally  its  independenoe  of  the  ooe 

*■"  *  •*•  ODT  knowled^  is  most  de6mte,  »isL 

^"*"'     **"  by  the  following  couaideratJQtis:^ — 

1.  A  ftacrtmtic  extract,  or  pancreatic  joiee.  ^mj  be 
whicb  is  rich  in  the  diastatic  ferment  and  cootaiwa  no 
fennent.     This,  as  already  jovviottaty  fttat«d,  is  a&em  tiae 
the  secretion  obtained  from  so-called  permaaeat  paaereuie 

2.  In  diSerent  animals  not  only  the  abaotate  bot  tbe  rebm 
richness  in  diasutic  and  proteolytic  enzymes  diflefs.  Thus  RohefH 
•>  we  have  already  fluted,  foubd  that  the  diastatic  actxTity  of  the  m^ 
pancreas  u  more  than  ten  timeR  as  gnaX  as  that  of  tke  Aeep.  iW 
proteolytic  activity  of  the  paacreaa  of  the  sheep  ia,  oa  the  olber  iaai, 
ocHuiderably  greater  than  that  of  the  pig. 

3.  As  wdl  b«  pwntcd  out  in  the  sequel.  nUboosb  taxemfHf  l> 
obtain  the  pure  fenneou  hare  hitherto  not  been  swwMiftil,  aathifc 
are  known  by  wbidi  oikc  ferment  may  b«  obtsoDecl  ■fcaohitdj  tm 
Irom  the  otbeiK. 


«M 


^rftnyCi  lo  iaoUOe  tJu  DiatUOMC 

Tt  was  Boacbardat  and  San&ns  vbo  fint  attevplid 

to    separate    the    agent    wfaiefa    conferred     apM  tia 

■■*  paneteatic  juice  the  property  wbicli  ti^J  n«d  Sy 
corered,  of  cvn verting  starch  into  sngmr.  Tmj  trealri 
infttifioDB  of  pancreas  with  water,  and  precipitated  tbe  aolgtiun  wiA 
nIoohoL  The  precipitate  they  foosd  to  be  agmta  johibtt  n  wmk 
and  topoeaess  powerful  diasutic  action,  Tb^  ler— d  it  famrt^ 
(MA  Tin  body  thu9  prc«ipitnt«d  most,  bowerer.  ••  we  know,  htm 
conxasted  of  a  mixturt:  uf  tLt-  srrtrial  paocrentic  fenucuita. 


i)snn«viii'>         The    first    to    attempt    lo    aepaimte    tb*   ' 
BMhod'.  rennestt  was  DanilewskL     The  pnoople  of  lus  BdM 

was  to  precipitate  aqoeous  infusiuos  uf  pancnsna,  vhi^  had  hsa 


|iiiiiMliiiiliiii  SaftcB.'  Vtnb0w'*  JreMr,  T«L  xz«.  ^  ti%. 
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treated  with  magneBium  carbonate,  with  collodion,  which  oirries  down 
with  it  proteids  and  the  proteolytic  feimeat  in  &  gelatinoun  form. 
The  tiltratc  from  this  precipitate  is  concentrated  in  vacuo  and 
treated  with  atroncalooliol.  which  throws  down  a  BoccuWnt  precipitate. 
This  U  digested  in  a  mixture  of  equal  part«  of  alcohol  and  water, 
which  disMulvus  the  dieuitatic  ferment,  a  Httlc  tyrosine  and  aome  salts, 
and  leaves  some  albumin  undissolved.  The  liquid  is  dialvzeJ,  concen- 
trated  in  vacuo  and  precipitated  by  ab**olute  alcohol.  The  body  thus 
thrown  down  posueaseii  in  a  feeble  degree  proteolytic  properties,  due 
to  remaining  traces  of  the  proteolytic  ferment,  bnt  in  au  ioteuse 
de^^ree  diaHtatic  properties.  It  does  not  exhibit  proteid  rcnctioQB,  i.e. 
both  the  xanthoproteic  and  Millon's  reaction  faiL 

Cuhtih«im  obtained  from  an  itifuMioii  of  pancreas,  by 
the  method  wliich  he  had  already  employed  in  the 
•ep&ratlon  of  lutlivary  diaHtase  (nee  p.  38),  a  ferment  which  did  not 
manifest  proteid  reactions,  and  which  was  as  active  a»  the  body  which 
he  had  prepared  from  saliva;  it  waa  entirely  free  from  proteolytic 
action. 

V.  w«tto*"t  Finely  divided  pancroaa  is  dehydrated,  first  hy  being 

""****  ■  placed  in  strong  alcohol,  and   aftenA'ards  in  absohite 

alcohol,  the  action  of  which  should  be  continued  for  some  time.  Thv 
diy  solid  Bfp-irated  from  the  alcohol  is  then  macerated  in  glycerin. 
The  glycerin  solution  iit  then  predpitatod  with  alcwhol.  The  precipi- 
tate is  dried  at  u  low  t«mpcrat4Jzew  It  is  partially  soluble  in  distilled 
[  water. 

The  further  purification  may  be  carried  on  as  follows': 

The  precipitate  pnnlucL'd  by  alcohol  in  the-  first  glycerin  oolnfion 
is  wafilied  nith  Ktrong  )^pi^it,  and  after  partial  dr^'ine,  by  the 
qwDtaneoos  evaporation  of  the  spirit,  is  again  treated  with  glycerin, 
and  this  second  glycerin  extract  in  its  turn  precipitated  with  spirit. 
There  in  thus  obtained  a  body  soluble  in  water,  possessed  of 
t  diostatic  power,  and,  according  to  v.  Wittich,  destitute  of  the 

teolytic  power.    According  to  this  author,  when  glycerin  acta  upon. 

k  Ideas  directly,  it  extracts  both  the  proteolytic  and  the  amyh<1ytic 
nnenta,  hut  wboQ  the  gland  ttatiue  has  been  first  thoriiughly  liithy- 
drated  only  the  second  of  tlif»e.  Hufner*.  however,  coutnjvt-rtc-d  thia 
statement,  and  by  following  v.  Wittich'e  method  be  obtained  a  body 
which  poraetwed  all  three  of  the  ferment  actions  which  are  rhnractor* 
iitic  of  the  pau<:reatic  juice.  It  is  to  be  remarked  that,  according  to 
Kilhov,  pure  trypsin  is  not  soluble  in  glycerin,  a  fact  which  niake^  it 


>  Cohnfaetiu.  'Zai  EcDutaias  der  mokerbUdeiideD  Fvrnwnle,'  Virehow's  ArtMr, 
ToL  iivm.  p.  8S1. 

■  T.  Wiuieli,  I^ugrr'a  Arthiv.  Vol.  u. 

>  Lmnidgv.  trp.  cit.,a.  IH. 

*  Ufifagr,  '  ODt«rHMnunft«n  ub«r  dw  luucfonnlcn  Feimcnte,'  •Towm.  JSr  prnlct. 
Ckmit,  V.P.,  TaL  *..  p.  879. 
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likely  that  the  discrepaLcj  betwceu  v.  Wittich's  and  HUfoer'e  reaults 
may  have  dcpcuded  upon  tlie  furmer  tiaviiig  elimiiiated  all  traces  of 
water  in  lius  prcpamtiuD,  whilst  the  latter  may  not  have  done  so. 


7^  CkemiccU  Composition  of  the  DiaMatio  EnsyrM. 

On  this  matter  our  infonnatiun  is  such  that  we  can  say  little,  utJ 
that  consists  mainly  of  negative  assertions. 

From  the  obner^-ations  of  Cohiilieim  and  of  Liversidge  it  results 
that  the  diastatie  ferment  does  not  give  the  reactions  of  the  proteid 
bodies.  HiifDer's  diftcrepjint  reBults  aro  accounted  for  by  the  fact  that 
Ilia  pancreutin  did  cnntaiL  considerable  riuautilies  of  trypsin. 

The  dioj^tatic  ferment  is  a  nitrogenous  body,  whico  possesses  a 
composition  widely  different  from  that  of  tht;  proteid*. 

Th(i  analysis  of  tlio  fennout  prepared  by  Liverstdge,  and  Trhicb 
fitrangety  only  furiiislies  the  amount  of  carbou  and  nitrogen,  gave  the 
following  results: 

Carbon    per  cent  34'925 

Nitrogen 11-020 

Uilfner  round  his  so-called  Pancreatin  to  have  the  following 
composition  : 

Carbou 40-9 

Hydrogen 6'85 

Nitrogen    13-64 

This  analysis  agrees  with  the  hypothesis  that  HUfner's  pancreatin 
consisted  of  a  mixture  of  diastatic  ferment  and  protoids,  a  liypothesis 
of  which  he  has  besides  riimisbed  the  proofs  in  the  account  of  his 
experiments. 


Sect.  5.    The  Fat-decomposing  Ekzyue. 

The   Researches  of  Claude   Bei'nard, 

Ebcrte'  announced  in  IS'H  that  a  watery  infuraon  of  the  pan- 
crea»,  when  8liak*?u  with  uiI.emulHtonized  it.a  crf?amy  emulsion  being 
obtained,  and  be  was  led  to  surmise  that  one  of  the  functions  of  the 
pancreatic  juice  consiHts  lu  emulsifying  fnts  and  thus  favonring  their 
absorption  by  the  lacteals. 

This  older  obiiervation  has  generally  been  forgotten,  and  the 
whole  credit  of  suggesting  as  well  as  of  elucidating  the  part  pl&yed 
by  the  pancreatic  juice  in  the  digestion  and  absorption  of  &ts 
ascribed  to  Claude  Bernard. 


'  Rbwlo,  Pkt/tiuhfiii  Art  F/riiwttinfl,  ^'firzbnrit,  m4. 
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It  wan  ]n  the  year  184f>  that  Claude  Bernard,  being  engaged  in 
a  comparative  study  of  the  process  of  digestion  in  carnivorouH  and 
herbivorous  antrnal!),  was  struck  by  the  foct  ihnt  when  ilng!<  were  fed 
iipuii  fatty  matter  thi^  u^ppeared  to  undergo  a  tnodilicatioti  ahnoHt  as 
aoon  as  it  passed  iiiti>  the  umall  intestine,  wbifat  when  rabbile  were 
nmilarty  fed  the  change  oeenrred  somewhat  further  from  the  pyloniR. 
Again,  Ileriianl  observed  that  after  a  fatty  diet  the  l&cteals  of  doss 
were  filled  with  white  opalescent  chyle  from  the  pylonis  downwards, 
whilst  in  rabbit«  thu  luctmts  near  the  pylunut  did  not  cuutaio  white 
chflcr  while  those  sUtiatL<d  luwi^r  down  aid.  Bernard  tbeu  discovered 
that  tliis  difference  in  th^  appearance  and  absorption  of  fatty  mnttont 
coincided  with  the  dilYerence  in  the  situation  at  which  the  {jauereutic 
dact£  join  tin:  small  intestine  in  the  dog  and  rabbit  respectively.  In 
the  dug  the  principal  duct  empties  tlself,  together  with  the  bile  duel, 
into  the  duodenum  very  near  to  tlie  pylorus;  whilst  in  the  rabbit  the 
priacipal  duct  joins  the  small  intestine  from  30  to  35  centimetres  (12 
to  14  luobes)  below  the  point  of  cutranoe  of  the  bUc  duct. 

When  this  relationship  had  but-ii  found  to  exiat  between  the 
situation  at  which  the  pancreatic  juice  is  poured  into  tbc  intestine 
and  the  situaliou  whero  fat  begiuH  to  be  modified,  it  was  natural  to 
inquire  whether  the  juice  was  not  the  active  agent  in  eflFecting  the 
uodificalion  of  fatty  matter,  aod  in  causing  the  appearance  of 
milky  chyle  in  the  lacteals,  and  au  a  result  of  his  inve^tigationA 
Claude  Bernard  was  led  to  the  discovery  of  the  facts  about  to  be 
commented  upon'. 


Oil  or  fatty  matters  wbich  arc  fluid  at  the  tempera- 
ture of  the  animal  body  are  very  readily  emulsionized 
by  the  pancreatic  juice. 


Rm      pfta- 

CTMtlC      JolO* 
POtMWM    ttt* 

pow«rofemitl- 
fteaUnchU. 

If  two  grammeii  of  alkaline  and  vincous  pancreatic  juice  be  shaken 
op  in  a  t«8t-tube  with  one  igrarame  of  olive  oil.almost  instantly,  a  perfect 
emulsion  is  obtained,  the  liquid  resembling  milk  or  chyle  ;  the  same 
result  is  obtained  if  for  olive  oil  we  substitute  fats,  such  as  batter  or 
mutton  suet,  wbich  melt  at  a  temperature  below  40*  C.  Temperature 
appears  to  have  wmBiderable  inmienee  in  the  procesa  Thu«,  wben 
one  gramme  of  lard  is  agitated  with  two  grammes  of  fresh,  normal 
pancreatic  juice,  the  process  of  emiilsionizing  commences  oven  ia  tbe 
<oold,  but  when  the  temperature  is  raised  to  S5'  or  SS°,  a  wbite  creamy 
emulsion  is  obtained  instantlv*. 

EmiilHiunH  obtained  in  thiis  way  are  remarkably  persistent,  and, 
according  to  Kfihne*,  the  fat  in  them  exists  in  even  a  finer  state  of 
divtdioa  than  in  milk. 


■  Thb  «liort  Mcount  oi  Um  wkj  in  wliieb  CUd4«  B«nwnl  «««  M  to  iavMtigtu  Uh 
Utioo  ol  the  panenM  la  Uikta  Crom  hii  Lt^uiu  de  I'ttyiioUgif  ErfiSrlnunlali,  Vol.  it. 
fif.  178  tad  179. 

■  Bemud.  Ltfuiu  (IBSBl.  Vol.  □.  pi  9S6l 
*  KUhne,  Ltbrimch.  p.  ISS, 
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iTpoa    wbAt  Claude  Byruard  van  led  to  believe  that  iho  pto- 

doM  tbo  «iatii-  perty  of  emuLsionizine  fata  which  the  pancreatic  iui« 
^jp^j^,  poBsesses  in  so  extnwmiinary  a  degree. depended  upooa 

leroieLt,  wliich  at  the  same  time  occasioDed  the  remark- 
able change  to  be  immediat^lv  referred  to,  and  which  he  termed  the 
'ferment  ^mulsif.'  In  this  view  Bernard  wns  wrong.  It  is  appAKOtly 
only  in  ati  Indirect  way  that  a  ferment  leada  to  the  emul^ODuinf 
of  the  fate. 

BrUcke  has  shewn  that  when  aa  oil  or  a  fat  which  contains  a 
mere  trace  of  free  acid  is  aliakeu  with  a  weak  Boiution  of  carbonate  of 
sodium  an  emnUion  '\»  readily  obtained,  whilst  if  the  oil  be  perfectly 
neutral  no  such  em\ilaiun  iu  obtained.  It  will  be  t<hewD  that  at  the 
temperature  of  the  Imdy  the  pancreatic  juice  does  lead  to  the  acidifi- 
cation of  fet«;  as  the  juice  moreover  contains  carbonate  of  stodium.  the 
conditiunB  readily  anse  which  are  required  for  the  production  of  an 
omulaioQ.  It  is  remarked  by  KUhne,  and  with  justice,  that  probably 
the  protcid  matters  in  the  pancreatic  juice  pluy  an  important  part  b 
the  emulHiuuiuing  action^ 

RohertA  Htates  that  he  has  been  unable  to  obtain  any  extract  of 
pancreaK  which  possoKsed  any  special  powerof  emulsifying  fats,  hut  in 
this  respect  he  diflfera  from  other  trustworthy  observei-n  who  have 
aARcrted  that  watery  infuMions  of  pancreas  do  positess  niich  power,  and 
m  unquestionably  in  enxir. 


TKa  Pancreatic  Juice  decompose*  the  Neutral  Fate. 


Bernard  discovered  that  when  emulsionii  are  made  bv  miiEing 
freeh.  alkaline  pancreatic  juice  with  a  neutral  fat,  such  as  olive  oil  or 
hud,  and  the  emuUious  are  maintained  at  the  temperature  of  ibe 
animal  body,  an  acid  reaction  is  very  soon  developed.  The  ubsei- 
vation  hss  been  cunilrm<Ml  again  and  again,  by  Bercheloi  amongst 
others. 

Claude  Bernard  bad  found  that  when  hntt«r  is  kept  at  the  tem- 
perature of  tliobody  with  pancreatic  juice,  the  odour  of  butyric  acid  is 
800D  perceived. 

Bertbelot  tried  the  experiment  with  syuthctically  prepared  mono- 
bot^D  and.  by  the  action  of  pancreatic  juice  lipon  it.  obtainod 
besides  uudecomposetl  monobulyrin,  a  mixture  of  free  glycerin,  butyric 
acid  and  u  aoap. 

The  property  which  the  pancreatic  juice  pos8«S8e«  of 
decomposing  the  neutral  fata  in  shared  by  the  paocreAkic 
tissue  Itself;  it  in  indeed  laid  down  hy  Claude  Bernard 
as  the  clinract«ri8tic  of  this  tissue  that  it  posaesw*  the 
property  of  inttantantovsli/  decom[)osing  butyrin. 


I 


KixoTtUae  to 
StniAnl.  PAH- 
<rMitlc    Uhm 

POM*  tUM. 


*  Kuboa,  I^ftrbueh,  p,  13a. 
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Various  methods  have  be«D  suggested  by  Claude  Bernard  for 
exhibiting  this  chiLrActeristic  rcactmn,  of  which  the  following  arc  the 
chief;  the  second  being  specially  rocuiu mended. 

1.  Au  uifusioD  of  liusevd  i^i  shaken  with  a  little  butter  w  as  to 
cmulgionizo  it  cumpielely,  and  is  then  coloured  faintly  blue  by 
raeans  of  lilmiut.  If  to  n  little  of  the  blue  emiilinon  a  fragment  of 
pancreas  be  added,  and  the  mixture  be  digested  at  .^S^C.  for  fiume 
time  the  blue  colour  changes  to  red. 

2.  Ao  ethereal  solution  of  butter  (which  should  be  neutral)  is 
made,  and  a  notution  of  HtinUK  of  sticb  strength  that  a  stratum  half  a 
millimetre  thick  presents  a  dialiuctly  blue  ttuL 

A  fragment  of  pancreas  is  placed  on  a  glaas  ulide,  and  is  then 
treated  with  a  drop  of  rectilied  Bpirit ;  it  is  then  teased  with  needier, 
80  that  the  alcnhol  ehould  bathe  every  part.  Enough  ulcnhol  should 
be  iu  contact  with  the  tissue  Lo  allow  of  its  remaining  bathed  in  it  for 
about  a  quarter  of  an  hour.  At  the  end  of  that  time,  the  excess  of 
alcohol  is  sucked  up  with  blotting-paper,  and  tho  fragment  of  tissue  is 
irrigated  with  a  drop  or  two  of  the  ethereal  sulution  of  butter,  and  is 
tMwed  at  the  same  time,  so  as  to  bring  the  fatty  matters  as  much  as 
jMesiblc  in  conUict  with  the  tinsuc.     A  fragmcut.  of  the  tinsno  is  then 

Klaoed  in  a  glass  cell,  oui<  millimetre  deep,  eontainin^  a  tiucture  of 
luo  litmas,  which  is  then  covej-eH  vrith  a  cover-glans.  In  a  few 
moments,  as  the  tissue  becomes  snaked  with  the  solution  of  litmus,  a 
red  area  appears  around  it,  and  after  a  certain  time  the  whole  of  the 
liquid  becomes  red,  the  red  colour  being  inttiuse  in  proportion  as  the 
tincture  of  litmus  was  blue. 

It  may  be  a^ked  whether  the  acid  reaction  is  not  due  to  the  tissue 
of  the  pancreas  f  but  tliat  it  is  not  appears  to  be  proved  by  the  fact 
that  when  the  pajicreas  ia  treated  exactly  a8  stated  above,  with  tlie 
exception  that  no  fat  is  added,  the  acid  reaction  is  ni>t  developed. 
The  Author  can,  from  his  uwu  ubscrvatiuns,  (»uGrm  ihfini  statements 
of  Bernard. 


It  was  knuvvQ  to  Claude  Bernard  that  the  pancreas 
only  possesses  its  power  of  decomposing  fats  bo  long  a» 
it  is  freHh.  Bidder  and  Schmidt'  pointed  out  that  the 
power  which  tho  pancreas  possesses  of  decomposing  tho 
neutral  faui  is  iuhiiiited  by  the  presence  of  acidb,  and 
this  has  been  particularly  innetod  upon  by  Griitzner*. 
Ulycerin  extracts  of  pancreas  are  usuolly  inactive  as 
regards  fata,  and  this  because  the  aciditicaUoa  of  the  gland  lias 
occurred  before  the  glycerin  could  have  access  to  it 


na  tkV^it. 
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^  Biiiu  aad  Ikluotdt,  Dit  Vtrtktmmgna/U,  p.  2M. 

OrOtZBor.  *Notiun  ilber  flni^B  nagefetmte  Pvinente  dM  Siiusethiflrorfpkauiaui,' 
'  I  ArtMv,  Vol  ui.  (lUTftJ.  p.  WS  et  tsq. 
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Ortitsiwr^  The  perfectly  fresh  pAocreos  U  crushed  witli  glii» 

matiiod  of  pn-  powder  III  a  mortar,  antl  mixed  with  a  solution  cooi- 
paring  the  tat-  po3«()  of  90  f.c.  of  gljrceriii  and  10  c,a  of  a  1  per  cent 
dMMniN>«iD?  solutioD  of  N'a,CO,.  in  the  proportion  of  30  c.c.  of  the 
feratnt.  gijcerin  solution  to  3  grras,  of  pancreas,  the  contact 

being  allowed  to  continue  for  not  longer  than  fonr  or  five  days  as. 
ftftcr  thut  time,  in  spite  of  the  alkali  added,  the  reaction  becomes 
add. 

Given  various  extnicis  prepared  by  the  above 
mutliod,  GrutKuur  ascurt^iiied  their  activity  aa  foUova; — 
He  maiie  nn  emiilHion  by  mixing  10  partn  of  oil  of 
almonds  with  5  parts  of  gum  arable  and  35  parts  nf 
water,  and  prepared  «  neutral  solution  of  litmus,  of  »uch 
atri^ngtJi  nni\  ri^nction  tKnt  the  solution  whiin  contaiuod 
in  tc»t-liibeu  having  a  diameter  of  12  millimetres  and 
placed  opposite  white  piiper,  had  the  colour  of  violets 
Several  tcst-tubcii  hud  lUcc.  of  ttie  Ittmus  solution  added  tu  them, 
and  vere  then  mixed  with  5  drops  of  tho  above  cmuUioD.  Suoces- 
aively  increasing  quantities  of  the  glycerin  extract  to  be  tested  (say  2, 
4,  6,  8  drops)  were  then  added  to  different  tost-tubcM,  <A'bich  were  at 
oaoe  heated  by  being  plunged  into  water  at  til"  C.  lu  three  or  four 
mioutes  the  tubes  were  all  examined,  and  the  number  of  dropx  which 
had  beeu  added  in  order  to  redden  the  litmux  uoticed.  Dy  having 
MventI  sets  of  such  experimeats,  one  for  each  extract  to  be  tested,  it 
is  eoay  to  determine  the  comparative  richneat*  in  ferment.  Griitzner's 
expenments  have  been  repeated  by  the  Author,  and  have  left  no 
doubt  en  his  mind  oa  to  the  existCDCO  of  the  fat-decomposing  ferment. 

Ttta  pMMjreM         Xhc  power  of  the  pancrea*  and  of  suitable  extracta 

«diM^ort»tKj  (.y  decompose  the  neutral  fat*  suggested  the  possibility 

wn  tiia  w-  *^*''    '■^^?  ""'R'*^  likewise  decompose  such  a  body  as 

p«nyortieoaiii<  acetic  etncr.  and  experiment  has  proved  the  truth  of 

poiins    aoMio  the  Bunniae'. 

ettier 


HifpotluiiM  of  a  Ferment  which  decomposes  Fatt. 

As  has  been  already  stated,  Bernard  explaini);  both  the  euulaiOQ- 
iziuB  and  the  acidifying  of  the  neutral  fats  by  the  iMiucreatic  juice,  or 
by  the  pancreatic  tissue,  as  due  to  a  iipecial  ferment,  the  so-cnUod 
'emulsive  fennont.'  For  this  ferment  Dr  Sheridan  Lea  suggests 
the  name  'piolyu.' 

No  method  of  separating  the  ferment,  even  in  a  condition  of 
approximate  purity,  is  however  knnwii.  In  future  roseurchea  in  this 
direction  it  will  be  well  to  bwir  in  mind,  in  addition  to  the  influence 

>  Baiiteh,  'Urtw  die  nn^iwmio  Btawirliiing  dM  p*nirwiti<chiju  01yc«riii»ii». 
lOBtt  aof  E«ie»*'"**'*'i«*''"  CentraMati /.  d.  med.  Wiaentrbaft.  for  1876.  No.  *8. 
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of  ocidfl  in  dcstroytiig  pertuanvoUy  the  ikt-clucouipcrsing  puwcr.  aad 
to  tliu  fact  that  by  Griilzuer'a  mHtboJ  active  solutiuu*  of  ferment  of 
cunsidorable  energy  can  be  obuinod,  that  oocordiug  to  JJanilcwaki, 
pancreatic  extracts  nhlcii  [injtae>%H  fitt-decuJiipuiUug  puwuni  lose  tboui 
OD  agitalioD  with  ina^neiua. 

Roberta  hiis  vsprsitiuid  himsulf  bh  doubtful  of  tlie  ex- 
istence of  a  fiit-ilt-com|KMiitg  feniieut.  Hia  objecUima  are 
hamii  ii|KJt)  hi*  liHving  bt^im  unubW  in  Hiiy  of  liin  fX|jeri- 
inouU  to  obtiiin,  vithur  with  tixtntcls  of  puiiortMut  pni^iuntl 
by  uieaiu  of  v&rJQiui  agents,  or  with  tb«  jiancrcatic  tiaaui', 
H  decumpottitioD  of  netitrul  fi>t«.  He  Iiah  not,  in  fnot,  Wea  able  to 
obmrvv  (htt  ninduu«i)t«d  fu<;t  cltHC(»vrL'>l  ]iy  Cbiudc  Bcruurd.  Thi-.  faiiut^ 
of  Bobnta  u  doubtLeu  to  be  ex|ibuQed  by  liia  buring,  probnbly  in  every 
cue,  viDpIoyeil  pniirit-atic  }[laii(l.i  of  Mliii]jL;htered  ajiinialH  and  which  wore 
not,  ID  tho  phyfliolngiuil  mciim-,  fn^n)i,  but  bmi  unduiyoiiH  iioiditication. 
For  in  r«f«r«Q<;B  to  the  fundoiuoutul  fact  of  tbv  Kci<lifiwti'>i>  of  t\m  ueutt-n.! 
ftUs,  chera  ia  not  the  >tli-;}it«&t  doubt;  it  in  a  fact  which  htu  been  cou- 
firmed  by  the  t«8tiinony  of  miuiy  iiulnpeadocit  aiid  relialile  witue&.ie8,  a^ 
of  Bidd«r  and  Solitnidt,  HvidctdiaiH,  B«rnfttc4ii,  Hafnor,  aud  OriiUnftr,  and 
it  in  a  fact  which,  if  the  precautiona  indicated  by  tirfltzncr  mv.  obaon-ud, 
■lo  ODs  will  have  any  difficulty  in  confiriniiig  for  himself. 

WhiUl  Huberts  failed  to  olisene  the  rapid  decom- 
position of  fats  by  paucrcatic  tissue  or  pancreatic 
(■xtracta.  he  sometimes  succeeded  in  obsen-iug  an 
aciditicutioD  cuucurrcntiy  with  the  development  ot 
or^nisma. 

The  researches  of  Pa«teur  and  others  have  taiight  tis  that  acid 
fermeututioDs  arise  under  the  intiuvnci:  of  formed  femieutH  (tj.g. 
the  lactic  feriueutatiou  uiidtir  Uu-  intluetKV  of  'bacterium  lactis). 
aad  the  questiou  ari»Cfi  wEiother  the  fat-deconipueiug  furmeut  of  tb« 
pftDcrtms  may  not  be  a  funned  ferment.  We  answer  the  question  in 
the  negative  on  the  foUuwiug  grouuda  : 

Fir»itly.  I'erfectly  clear  gTvcerin  extracts  of  pancrean  may  be 
obtained  which  poaaess  the  fal-decomp*>9iiig  povrere. 

Secondly  and  thinlly.  The  action  is  one  which  is,  aa  Bernard 
dbewed,  alinoat  instaDt&noous,  and  in  this  respect  resembles  actions 
exerted  by  other  (iiifonued  fermeuta.  and  is  unlike  those  which  arc 
dependent  upon  firgAiiized  forms.  It  tak<«  place,  moreover,  in  presence 
of  such  botliea  tut  tiiymol,  which  effectually  prevent  the  action  of  the 
C8!gai)ised  fermonte. 

Grtitzner  has  found  that  the  richneM  of  the  p&n- 
creaM  in  the  fnt-ferment  varies,  and  in  the  aamo  sense 
as  ita  nchness  in  dia«tatic  and  proteolytic  euEymes. 
Thus  the  pancreas  of  a  dog  is  poorest  in  the  fat- 
ferment  about  riz  hours  after  a  ric>i  meal.  Theruafter 
the  amount  incruaMcs  up  to  the  fortieth  hour,  ho  that 
the  pancreas  of  fo^iting  animals  is  richesit  in  the  fauferment. 


Mar  afft  Ui» 
fkt>d«ootnpo«- 
lac  temont  ba 
•  ICnned  1a- 
antT 


OrtUDsr'a 

obaerrktloDS 
on  llt«  cIchsMa 
of  tiupuunaa 
la  lkt'4M«ai« 
poalac  faraaat. 


216 


THB   PROTlOLTTtC   ESJEVME. 


[book  a 


hypottMli  M 

te  tlia  mtX  of 

fonB&tloii    of 

ro*tii<  rcnsant. 


Qrtitzner  b«liev««  that  the  oeotral  zones  of  the 
pancreatic  cells  not  only  form  the  protwilrtic  eoxpot 
o\'  th«  panCTMs,  but  tkAt  the  lat'decompottl^  umI 
diaiitatic  enzymes  are  also  formed  there. 


The  part  which  the  cmuUioDiztng  and  fat-decoaipaciiig  propettifls 
of  (ho  pancreatic  juice  plajra  in  inteetioal  digesttoo  vill  be  trcBted  of 
in  Chapter  \u 


Sect.  6.    Thb  PEoreoLTnc  Esztme— Tbtpsis. 


Bulorieal  note  <m  A«  dwcowry  of  Uu  property  of  (A«  PanonatU 
Juice  U)  dissolve  and  digttt  Pr<ieid$, 

Tb*  ateu-  It  wa.^,  we  are  infbnnei]  by  Conisart.  discovered  bj 

gaM>u«(  Purkinji  and  Pappenbeim  in  lti36  that  the  iwncreM 

PurWaj!  Md       pan   furnish  extracts  which  povesa  the  power  of  di»- 
Ptrrtfih*i«        solving  proteids',  bat  cfa«  difloOTcrr  aeems  to  hare  pamti 

altogether  unooticed*. 


Claode  Bernard  does  not  appear  to  have  known 
■ui>u4^  the  researche*  of  the  antbon  jnsi  meotioDed.     to  bis 

iuuaaau.  writtt^  tm  the  paocreaa.  he,  however,  a1*t«d  that  the 
pancreatic  juice  br  itself  has  do  action  apoo  pcot^da.  bat  that  it  is 
able  to  dissolve  them  either  when  the  v  have  first  of  all  been  subjected 
to  the  action  of  bile  or  when  it  act*  in  OMijDnctioo  with  bile.  He 
pretended,  indeed,  that  hy  nuxing  bile  aad  paaereatie  jui(»  a  Uqnid 
19  obtained  powcwod  of  new  propertiec  betng  capable  not  only  of 
nnulskMiiiiQf;  aad  deeompoai^  fiats  and  of  eanvertiag  starch  into 
angar.  but  of  dBnrfriBg  protads*.  To  this  fnactioa  of  tbi.-  pan* 
creatic  jnice  Claude  Benuud,  boaerer,  actiibabed  but  little  weight; 
be.  iodoed.  subordinated  in  a  remarkable  d^grve  the  uther  funcuons 
of  the  pancreas  to  the  one  which  be  had  hinwdf  diseoTet«d,  vii. 
ilaactioa  npon  Cus. 

Tbe  wboie  mecit  of  dearly  potatiag  out  tbe  ^reat 

emc  into  vbkh  Oaode  Befaard  bad  fiaUea  in  denying 

A  ptateotytk  KbOB  to  tbe  paaereatK  jvM*  par  m;  baloogi  to  Lakus 


TrwiaUt  fktwta 
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Corvisart.  He  pointed  out  that  tliU  juice  poeaeaaee  extrmordiuary 
puwur  of  digesting  proteidti  at  the  temperature  of  the  body,  and  that 
)t  poueanes  this  power  in  neutral,  alkaline,  and  eveu  in  acid  fluids. 
Within  certain  Hmitg  he  was  correct  in  his  assertion,  though.  a«  will 
be  ahewQ  in  the  sequel,  pancreatic  proteolysis  oeasea  in  a  too  acid 
laediunt. 

The  caergy  with  which  pancn^Btic  juice  can  act  wus  sbewn  to  be 
indeed  striking  by  Corvisarl,  who  aiiserted  that  15  grammes  of  fluid 
obtaioed  duriag  the  sixth,  eeventb  and  eighth  bouts  of  digestion, 
from  a  temporary  pancreatic  fistula,  digested  completely  in  two  hours 
five  grammes  of  blood-fibrin,  and  in  four  hours  as  much  boiled  blood 
albumin. 

Corvisart  found  that  infusions  of  the  fresh  pancreas  made  by 
dige^ating  the  minced  gland  in  twice  its  volume  of  water  at  +0", 
for  two  hours,  posseseed  in  an  intense  degree  the  proteolytic  power, 
being  able  to  (lissolve  from  40  to  5o  grammes  uf  moist  coagulated 
blood  albumin.  He  showed  that  the  pancreatic  juice  and  oxtracta  of 
paocnwB  not  only  dissolved  proteids  but  actually  converted  them  into 
peptones  liaving  the  chameter»  of  the  gastric  peptones. 

Corvisart  further  found  that  the  precipitate  produced  by  alcohol 
in  an  active  infusion  of  pancreas,  and  which  in  in  main  part  soluble 
in  wa(er,  yieldii  a  solution  which  possesses,  approximately,  the  same 
power  of  digetiting  proteids  an  the  infueion  which  had  yielded  it. 

The  period  ot  digestion  &l  which  an  animal  is  kdled,  Corvisart 
found,  has  a  great  influence  upon  the  activity  of  the  pnncreatic 
extrocta,  the  most  active  being  obtained  between  the  sixth  and  uintb 
hours  after  a  full  meal 


comMLtt'i 

iMuna  era- 
tnLdUTtMtr 


Corviaart's  results  were,  however,  neither  generally 
accepted  nor  generally  confirmed  by  oxperimentert 
who  attempted  to  repeat  hisobBorvationa.  Thua  Kefer- 
stein  and  Hallwachs'  and  O.  Fuuke'  denied  the  proteo- 
lytic power  of  the  pancreatic  juice  and  of  infusions  of 
paocreaa,  aaaerting  that  when  proteidH  are  disoolved  It  it)  in  con- 
sequence of  a  process  of  putrefaction. 


Meissner*,  however,  corroborated  the  main  stato- 

ments  of  Corvinart  aa  to  the  powerful  proteolytic  acUon 

of  the  pancreatic  juice  and  of  infusiona  of  the  pancreas 

of  animaU  during  dicestion,  but  he  fell  into  the  strangti  error  of 

believing  that  a  slightly  acid  reaction  was  absolutely  eaeuutial  to 

pancreatic,  as  it  is  to  gastric,  proteolysia 

'  Keftnlnn  knil  Ballwub*.  "  Uabor  di»  BuiTukaaK  d«  pankrMtuohon  BaftM  aaf 
liit>«ii*."    SacfiritM^n  vm  <Ut  Kl.  Ott.  <t.  Ifit.  m>  GUriOfm,  IS&S.    No.  U  fquowd 

Ht  tMKMli-llADll). 

*  Fuaki!.  i|itnloil  by  MemeDcr. 

■  MiTumner.  "  VnrUuuimti  der  EiwcLukOrper  dnrab  den  panlireBtiiuhaii  SttL"    JMt- 
thrift/,  ral.  ifeiftiln  ton  Hrxilc  u.  ttenicr,  itrd  Mr.  Vol.  7  (liUD),  p.  IT. 
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research  carried  on  undnr  the  direction  of 
in  the  Laboratory  of  the  Patholt^cal  Institute 
of  Berlia,  Danilew^ky'  ihomii^^bly  conhrmed  Corvjsart'a  stalenients  u 
to  the  powertuUy  proteolytic  action  of  infusions  of  paoprojis  and 
devised  a  method  whereby  he  was  enabled  to  supumte  Approximately 
the  diostatic  and  pmteolytic  fermenU)  of  the  pancreas.  He  found 
that  the  hitter,  when  aepa.r%ted,  was  only  capable  of  digcating  protuids 
io  noutral  or  feebly  lUkaHne  aohitioQH,  dtgention  being  inhibited 
both  by  the  presence  of  free  alkali  and  of  free  acid. 

In  spite  of  the  conBrmation  which  Corvisort'i 
researches  had  received  from  iteveral  indepeadeot 
observers,  as  Schiff,  MeiE^Der  and  DftDilevrAy.  th« 
eifect  of  the  contra«lictor_v  statements  of  others,  as  Kt-fetalein  and 
HsUwAchs.  O.  Fiiuku,  and  Skiebitzki  had  beeu  such  that  in  I867i 
when  KUhue  piibli'ihed  his  first  and  most  important  paper,  it  cunld 
not  bo  said  tha-t  the  proteolytic  function  ot  the  pancreatic  juiee 
was  an  admitted  scientific  fact 

In  thifi  paper*  Kilhoe  not  only  fully  coTiHrmcd  the  RtatemeDts  of 
Corvisiirt  that  the  pHncreatic  juitx-.  weight  tor  woight,  hiu  u  far  greater 
proteolytic  activity  than  the  gastricjitice,  basiii),'  his  stait-mcut*  upon 
observaliou!i  on  1 1  dogs  in  which  he  had  established  tcmpormry 
fistulue,  but  he  announced  that  the  tissue  of  the  pancreatic  gland 
might  be  employed  in  effecting  the  digeHtiim  nf  prnteids,  instead  of 
the  juice.  He  announced  tlic  lutereatin^  discovery  that  when  bloo<l- 
fibrin  is  stibjecLiid  to  piuicreatic  digc-itiou,  it  yields  not  merely  peptones, 
dificriug  but  little  from  those  which  result  from  gastric  digestion,  but 
alm>  Urge  (quantities  nf  leucine  and  tyrosine,  and  in  those  cbsvs  in 
U'hi(;h  the  pruleulytic  ucliou  had  been  accompanied  (as  coDllDonly 
occurs  when  it  is  long  continued)  by  putrefactive  changed,  (coUa 
products  occur,  from  which  be,  later,  8epara.ted  indol. 


TK»  Researcftea  0/  Htidenhain. 
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The  great  intereHt  which  had  been  ibwakcned  in  the  proteolytto 
activity  of  the  pancreas  by  the  researches  of  Kiihne  was  iniensifiod 
by  the  publication  in  187^  uf  u  remarkable  Memuir  by  Heidenluun*. 
Ill  this  paper  the  author  described,  fur  the  first  time,  those  changot 
ia  the  secreting  oellx  of  the  pancreas,  corresponding  to  diffcrvnl  atatM 
of  activity,  which  have  already  been  referred  to  (p.  197),  but  further 

■  Dftciili^wiik^,  "  Uitbor  «pf eifiHb  wirkenJo  Kiirptur  &e*  nAlGdiehen  trnd  kuniUielu* 
nUflnatUiihnn  Snnm"  ftiiR  Av.tu  chcmiHchrn  I,ftbnnit.  A.  pBthnlo^.  InKtituta  xu  Berlin). 
Yirehoie*  Arrhw.  Vol,  w  [IHMI,  p.  267. 

*  KahDe."U«b*rdi8iV«nl4uuDKderKiveiu*tall0dun;hc)eDPuikreaMart."  VirthoK't 
ArcMv.  Vol.  39  (1867),  p.  ISO.  It  miut  iiot  be  lotKoIMn  chat  both  Dtuiilvwakr't  Kud 
Cohnhwm'B  nawohea  oa  the  emtroiM  oC  this  pMicrou  had  Iweu  earned  oat  in  Uw 
Chwttiic«l  lAboratory  ot  Ui«  Patiiolofiioal  InstiiuU.  Umd  und»r  th»  dindiou  of  KiUux 

*  Hei<i«tiliftin,  "B«ilnige  lar  Kenotniu  d«a  pBtiormji."  PflUger's  .-ircAir,  Vol.  s- 
pp.  667— 63U. 
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announced  the  remarkable  fact  that  the  fresh  paocreas  does  not 
oontain  the  proteolytic  ferment  rendy  formod,  but  a  body  which 
Heidenhain  t«rDied  xvmo^en.  which  m»y  be  extracted  from  the 
^and,  nnd  which  iindor  siiit-nble  trcntmcnt  yields  the  prote«lytic 
KnnieDt.  We  shall  dcacribe  this  body  which  is  the  anteceacut  of  the 
proteolytic  femieol  under  the  uame  of  the  '  zymogen  of  trypsin,'  the 
latter  bclug  the  name  liy  which  Klihnc  hiut  denominated  the  pro- 
teolytic  pancreatic  feriuent. 


Tlie  Zymogen  of  Tripsin. 

The  freiih  pancreatic  tutsue  U  either  free  from  ready  formed 
proteolytic  ferment,  or  only  contains  tracee.  A  few  hours  after 
removal  from  the  body  the  pancreas,  however,  always  coutaitis 
tryiwiii.  The  change  which  takes  place  is  associated  with  the  acidi- 
fication of  the  gland,  and  HeidennaiD  hastened  the  convt^on  by 
treating  the  gland  substance  ^'ith  acids. 

The  zymogen  of  trypsin  is  soluble  in  glycerin,  which  may  there- 
fbic  bo  used  to  extract  it  from  the  gJand  tissue;  it  is  likewLte  soluble 
'in  water. 

The  amount  of  zymogen  varies  according  to  the  state  of  activity 
of  the  pancreas  and  cnneHponda  to  the  histologicBl  changes  HhicI) 
occur  in  the  gland  colb,  being  largest  in  nmnunt  when  the  graiiular 
inner  zone  is  abundant,  le.  when  the  gland  has  been  inactive  for 
Home  time,  and  being  smallest  when  the  glnml  cells  are  small,  unci 
their  inner  zone  poorest  in  gniuules.  i.e.  at  the  end  of  a  di^Uve 
period. 

The  zymogen  split*  up  with  the  development  of  free  trypain 
(a)  in  watery  soluuuus,  with  a  rapidity  whieh  increaseR  with  the 
temperature,  (6)  in  acid  watery  snlutiouH  more  rapidly  than  iu 
neutral,  (c)  in  solutiurui  of  neutral  and  of  alkaline  milts. 

The  pancrea-H  is  removed  immediately  after  death, 
covered  with  glycerin,  and  thereafter  comminuted  and 
pounded  in  the  glycerin.  After  some  days  the  glvecrin 
solution  is  decanted  and,  if  needs  be,  filtered.  In 
neutral  glycerin  solution,  symogen  remiuna  indefinitely 
andoGompoHed.  According  to  KUhne,  alcohol  cauftes  its  decompo> 
flitiou  and  the  appeamncc  of  the  ferment. 

It  has  been  asserted  that  when  oxygen  gas  is  passed  through 
Mlutions  of  the  zymogen  of  trypsin  for  a  few  minutes  the  ferment  is 
set  free,  whiUt  hydrogen  gas  parsed  through  a  similar  solution  of 
^'mogon  haa  no  effect.  Solution  of  hydrogen  peroxide  acts  in  a 
similar  way  to  ganeoiia  oxygeo,  sh  also  uoes  agitation  with  platinum 
black'. 


prcpftn&S  to- 
tatloss  of  th* 
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1670  (<liU)l*i  hj  Q«ideDliun;  Hi>nu«nn'«  Handbnch,  Vol.  t.  I,  p.  189). 
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The  earlier  attempts  to  separate  the  proteolytic  e&^mie  of  the 
pancreas  have  b««D  (uready  referred  to.  It  has  b«eD  atated  that  at 
first  it  was  b^ered  that  the  paocreatic  Juice  coDtaised  one  fennent, 
which  was  bj  most  writera  term«d  'pancreatin'  or  ' pancrtatinim' 
possessed  of  seveml  differeui  uctiooa 

ThroQffh  the  labours  of  Danilewsky  and  Cohnbeim.  both  working 
tinder  Kulbne'R  direction,  it  was,  however,  clearlj  nude  out  that  the 
different  actions  depended  upon  different  ensjrmee,  and  attempts  were 
made  to  separate  the  diastatic  from  the  proteoWtic  fprnient  The 
former,  it  seemed,  wan  neither  a  proteid  nor  »aocia.ted  with  a  proteid 
body,  and  the  Utter  also,  aooording  lo  Danilewskj,  when  in  a  state  of 
quasi-purity,  did  not  yield  the  proteid  reactioait.  The  subsequent 
researches  of  Kflbiie  appear  to  sbew  thai  Dauilewsky  fell  into  error, 
the  proteolvtic  enzyme  beiog  a  highly  complex  body  which  whea 
deoomposea  yields  pruteids  and  their  derivatives. 

KotuMi  Bw.  To  infusions  or  extracts  of  the   pancreas  rich  in 

tas«aCpf«-  trypsin,  alcohol  is  added  in  large  excfsa.  The  pre- 
pwtBftintfB.  cipilate  (the  '  pnHereatiK '  of  the  earlier  experiroenten) 
is  diasotved  in  water  at  OX.  and  predpiuted  by  and  digested  for 
some  time  in  absolute  alooboL  The  precipitate  is  treated  with  water, 
which  leares  some  albumin  nndiasolved.  but  which  dissolves  trypeio 
and  a  proteid  closeiy  resembling,  though  not  identical  with  native 
albamin,  and  to  which  Kilbne  gives  the  name  of  '  Leukoid.' 

From  the  solatioa  leukoid  isprecipitsted  by  adding  acetic  acid 
until  it  amooQts  to  \  per  ctuit  Haring  thus  got  rid  of  th^  greater 
part  of  the  leukoid,  the  liquid  is  rendered  slightly  alkaline  by  means 
of  sodium  hydrat«.  and  the  predpiutte  which  then  falls  is  filtered  oft 
The  solution  is  cottcentrated  at  a  temperature  of  ¥>'C-.  when  tbe 
greater  part  of  the  tyronne  which  is  alwa)-s  preaeot.  separates,  and 
to  the  solution,  alcohol  is  added  which  throw*  down  Uie  entyne  ttill 
cootauiiDati-<t  with  U-ukoid.  peptooesv  some  tyrosine,  &c.  From  then 
bodicis  it  i^  freed  by  solution  in  water,  dialysi%  and  precipitation  l^ 
alcohol,  tbe  whole  aeries  of  prooeases  beii^  rvpeatvd  sereml  times  if 
Dccessaiy. 

t  £i|MMiMM  <r  IS*  Mwrf  nfpnti. 

I>  oos  of  u»  M^MV  p^wa  oo  Um  jwcStoljth  tmajna  of  the  paDotwa,  KfihoH 
sanoaiMMl  UmI  he  had  tMned  thia  hoAj  (tha  faKrvMc*  ot  shieb  we  oariainlj  uwi 
W  Uh)  frwMiw,  TitboKL  huwgrvr,  iiiiiilMilin  aaj  ■JBiaiitinn  ■■  Is  lb«  ttjiaoloa 

«rttMwwir 
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Tiypsin  is  very  soluble  in  water,  but  it  is  insoluble  io  alcohol 
aiid,  strangely,  in  pure  glycerin.  The  wntery  soUition  is  not  decom- 
po«ftl  by  long  digestion  at  40'  C,  and  wheu  evapurftted  it  yields  a 
traDslucent,  noQ-crystalline,  yellowifth,  solid  residue.  Trypsin  may  b*.- 
long  (iigusted  with  solubioos  of  sodium  hydrate  at  40°  C  wiUiout 
uuuergoiiig  decomposition. 

Whon  boiled,  tripsin  yivliltt  about  20  per  ceot,  of  albumia  and 
80  per  cent,  of  peptone  (aulipeptoue). 

Io  watery  solution  pure{h  trypsin  is  able  to  dissolve  Urge 
quantities  of  raw  fibrin  with  Hurpriiiiug  rapidity,  indeed  wetl-nigh 
instaiiiaDeouely. 

1.  Heidenhain's  Method.  A  very  active  glycerin 
solution  of  trypsin  can  bo  obtained  by  the  fftllowtng 
mcthinl  which  is  based  upon  the  behaviour  of  thu 
zyiiiugeu  of  the  nroUtolylic  euzymo,  to  weak  acids: — 
A  dog  u)  killed  fium  IS  to  20  hours  after  a  full 
oMd  uunau.  |„j.^  (^,f  meat  and  the  poiicrefis  liuvtug  been  carefully 
ruinuved  is  weighed  and  pounded  iu  a  mortar  with  ground  glass; 
tlie  comoiinuted  mass  is  allowed  to  nMiialn  at  the  temperature  of  the 
laboniton"  for  24  Iiours  and  is  then  well  mixed  with  1  c.c  of  dilute 
acetic  acid  i\  per  cent,)  to  each  gramme  of  pancreas.  To  each  part 
by  weight  of  the  ncid  mixture  there  are  added  10  parts  by  weight  of 
glycerin.  In  three  days  the  glycerin  solution  may  be  filtered  from 
the  iaaoluble  residue. 

S.  Robertas  Method.  This  has  been  described  under  the  head 
of  the  Diastatic  Enzyme  (p.  204), 

3.     Kiiiine'a  MeOtods  of  preparing  active  Sotutiong  of  Truprin. 

The  complexity  of  th<'  method  of  preparing  a  solution  of  pure  (?) 
tT7)iaiu  is  such  that  Kulme  has  devised  methods  by  means  of 
which  very  active  solutions  of  ii-ypsin  may  be  made  at  any  time 
from  pancruatic  tissue  prepared  according  to  a  method  of  his  own. 
and  which  admits  of  being  indefinitely  pretwrved. 

PnuiBjomy  The  fresh  pancreas  of  slaughtered  auimals,  that  of 

urMtmmt  oT  the  OX  being  generally  uhhI,  is  freed  fnim  adherini^ 
puoruuo  &t  and  connecUTtj  tissue,  and  is  then  mincod  aoS 
''■■''"*  digested    fimt   with    cold  alcohol,  and    afinerwardx  re- 

peatedly extracted  with  boiling  ether  in  one  of  the  many  forms  of 
&t  oztraction-apparatiises.  The  insoluble  residue  is  then  exposed  to 
the  air,  so  w  to  allow  the  ether  to  evaporate,  when  there  is  Icl^  a 
while  friable  solid  mass.  This  may  be  Kept  iudefinitely.  and  niadt^ 
use  of  to  prepare  soiuiioiM  of  tryjiriin.  It  is  now  an  article  of 
commerce  iu  Oermany,  being  sold  by  those  who  deal  iu  reagents  and 
materials  necessary  to  the  physioli^cnl  chemist,  iiiidor  the  t«rm  of 
Kiihne's  '  Puukreas-putver  (or  Paner.  noeum  purissimum,  rtach 
Kuhne). 
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tni  One  part  of  the  dried  putenaB,  prepared  as  ktxnv 

ae0cril>«d.  is  d^»t«d  al  40'C  for  S  or  4  hours  with  5— 
10  pftrU  of  *  solatMU  of  ttti^M  acid  contAiniog  01  of 
lh«  acid  per  oent.  The  mixtore  is  Umq  pawwd  throagb  a  liocn 
fitUr  u»d  th«  filtrate,  after  it  has  be«D  allorvd  to  oool.  is  filtered 
ihttmab  paper.  IC  later  oo,  tyrociiie  iijiiialPw  OBt,  Uie  croeeea  of 
filtrattoa  is  a|;fein  repeated  If  tke  faoeess  be  eneemfaf.  a  smaD 
qoaatitT  of  the  sofataoa  aboald  caiue  a  fnTTOoaij  wsrmt.-d  floccalus 
of  fibris  t«  commeDee  t»  break  down  m  one  minute,  aod  aboold 
hate  reduced  it  to  a  thin  ma^ma  in  ire 
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reaction  u  feebly  acid.  Tbe  conditions  for  its  activity  are  therefore 
8e«D  to  be  such  as  euable  it  to  exert  its  actioD  under  the  three 
possible  sets  of  Conditions  which  may  and  do  prevail  under  varying 
circumstances,  iu  the  smalt  iiitestlue. 

Kiihoe  a66ert«d'  Chat  trypsiu  is  injuriously  affected  by  th« 
presence  of  hydrochloric  acul  when  it  is  iu  greater  jtroporiion  than 
0'5  per  lOOU,  and  the  statement  is  correct,  inasmuch  aa  gonne 
weakening  of  the  digestive  action  remilts.  It  has.  hnwever.  since 
been  shewn*  that  trypsin  can  exert  ita  sulvent  action  on  fibnn  under 
conditioDS  which  would  formerly  hare  been  considered  impossible. 
C  A-  Ewald  has  observed  trypsin  proteolysis  of  fibrin*  to  go  on  in  a 
liquid  ooDtainiuij;  03  per  cent  of  HCl,  and  the  observation  has  been, 
ifi  ft  measure,  confirmed  by  Mays,  iu  a  research  conducted  iu  Kuhne's 
laboratory  *. 

It  appears,  however,  tliat  digestion  of  fibrin  by  tryp«D  can  onlv 
go  on  in  dilute  hydrochloric  acid  containing  (hS  per  cent  of  the  aciti, 
if  there  be  a  large  quantity  of  6brin  present.  As  will  be  pointed 
out  again,  it  la  unqiieNtionable  that  trypsin  is  gradually  dentroyed  by 
dilute  acidH,  the  reaearrhe*  of  I^engley'  having  fully  confimied  the 
original  ittatementii  of  KUlitie,  by  shewing  that  a  j^lycerin  extract 
of  the  pancreas  whon  warmed  for  two  and  a  half  lioiirs  with  s 
eolution  cuntaiuiug  U'Oo  per  ccuL  of  lid,  loses  u  very  appreciable 
amuunt  of  it«  tryptiiu. 

Alt  obHervem  have  agreed  in  stating  that  tlie  acti- 
vity of  trypsin  increases,  within  certain  limita,  with  the 
teraperature. 

Roberts'  has  carefully  studied  the  infiuence  of  tem- 
perature upon  the  activity  of  trypsiu,  and  state*)  that 
ifais  increases  to  CQ"  C  and    then  rapidly  falls,  all  action  ceasing 
between  75'  C.  and  80'  C. 
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M  Since  the  tint  careful  study  by  KUhue  of  the  action  of  tryp«iQ  on 

proteids,  bloud-tibriu — the    vtry  proteid    which   Kllhne  used  iu  his 
i:arlier  experimcntfl — haa  been  chiefly  iimptuycd  for  the  same  pur- 

W  '  KUbne.  VerluiniUuvgen  drt  SatiifUt.  iltit.  Vttrttu  tu  Heidribrrs,  Bil.  1. 

■  Eninaaei,  "tiolUiae  kut  lhara.pentiMb«D  Terwendnnit  d.  DandJipMcbeldrtlM  ron 
^hlaehUhieren  and  dercQ    PrkinnM,''  DtMsrh.   AreMo  f.   kiln.  Median,  Bd.  U. 

■  C,  A.  Ewmid,  "  Dm  EnKvuvrVobu  P«DkrMiii>alT«r.-  ZtiUehri/t  /.  kU«.  Utd^  Bd. 
I,  &  CIS. 

*  Kari  M«]«,  **  U«b«r  die  Wlrkoii^  von  TtTpiin  in  Biiiran  and  tod  ^ry^m  und 
Papain  nafrinuider."  VniertuthUHgen  a.  4.  phyiiolog.  Ituliiui  fn  Ueiilttlirrp,  15d.  tl. 
S.S78. 

*  J.N.  L*n^oj,  "On  tbe  Destruction  of  Fcnuencaia  ike  AUinauUiryCutkL"  Joan, 
a/  Pht/ticbffv.YoL  8,  p.  9r.8. 

■  W.  Haberta,  H.U.,  IMt.U..  "On  the  Eatimntion  «I  th«  Amjrloljtk  buJ  ProC«o- 
Ijtie  Afitivilf  of  PMioroktie  EtItmU.''     Praettdinfi  of  the  itoyol  SoeUty. 
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pose,  ui«i  we  shall,  od  this  uxouot,  in  oar  brief  skecdi  of  tbe  pro- 
laolrtic  actioa  of  tfTpain  conftse  our  fttteotKA,  in  the  first  iostoaoe 
to  fibrin. 

Blood-tibrio.  obtained  bj  ttiina^  netotiy  idwd  Uood  with  tvin 
umI  tb^Q  vuhing  in  a  stream  of  wai«r  unttl  h  has  hMJOOM  periect^ 
«hit«,  it  T<rT  readily  dig«iVc<i  by  urpac  Tbe  fibiin  ma^  be  in  i 
nv  or  thdfmigbly  bojted  eooditioa.  aocne  ah— row  hainaf  emfiutti 
it  in  tb«  ooe.  otbw  in  tbe  other  tomdJAim.  Tfcawghly  bsBad  fibrin 
vUbt  it  is  Moewhat  iem  nfiiOj  actad  spaa  th^  tbe  oobailad, 
ptWBt?  th^  enat  ajvaatage  that  it  M*  be«a  fteed  fnm  argaaie  cemi, 
mmI  eppprixUy  fr«n  pjtre&MtiTe  bacterial,  hj  tlw  paceai^  so  that  hj 
■akiag  iw«  of  it,  it  ta  eatv  M  taaijaet  a  paenatie  itgwtieB  «i  as  te 
avoid  &edeyeiBfMf  fc  cc  patnfaotM  aad  At  mkae^ptmi  comglkaf 

As   vin  be  SM*  in  the  aaqtl.  it  i^  Lyewta.  easr  to  iahiUt 
awof  aafiijSi  aoJ  ar  af  ttyiMJ  agMto  ^itedh  ■Mittfcejtw 

■  B  tat  pPMCBea  ai  iwav  eb^BMH  afWH,  BiaMtf  ttev  cbi^ 
W^M  WAt4  film  it  vteead  m  a  lu.  aAriMB  «f  siCaH  or- 
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allowed  to  set  in,  auJ  in  Htiidying  uncomplicated  digestion  by  trvfwin 
it  in  now  usual,  according  t"  Kiiliue's  directious,  ti>  employ  salicylic 
Bcidaud  tiiyuiol,iigenlH  which,  in  certain  proportions,  do  not  affect  tlie 
action  of  the  pancreatic  euzj^uica,  whilst  tliey  absoliiUsly  check  the 
develupment  of  those  organisms  which  aru  the  essential  cauue  of 
putrefaction.  We  arc  thus  able  to  etudy  tho  process  of  the  decom- 
)K>siMoQ  uf  the  proteida  by  trypsin,  uticomplicatet)  by  the  presence  of 
product*  of  bacterial  action. 

TbmsaoMjj  ^'^*^  ^"^^  prodiicta  of  tho  action  of  trypsio  upon  tho 

prMuMaot  proteids  are.  as  hits  beuTi  already  repeatedly  stated,  the 
OmmUob  same  r-s  tho8<^>  which  result  from  the  action  of  acids  and 

•CtrjinliL  pepaiu  at  a  suitable  tt'tnjicratun?,  to  wit,  hemi-dbtimose 

and  auti-albuiiiOHe,  and  tlioue  by  the  continued  action  of  trypsin  are 
converted  into  heini- peptone  and  anti-ppptone. 

We  have  already  pointed  out  that  it  \3  a  characteristic  of  hemi- 
peptoQo  that  under  the  inHuence  of  trypsin  in  alkaline  media  it 
undergoes  decomposition,  yielding,  in  the  tirst  instance,  such  bodies 
OS  leucine,  tyrosine  and  glutamic  acid,  whilst  anti-pL-ptone  absolutely 
rosiatH  tho  action  of  trymiu  nod  may  thug  be  obtained  with  com- 
parative ease  fruu  from  all  traces  of  hcnii-pt>ptono. 

It  is  of  interest  to  ascerUtiu  so  far  as  possible  the 
i^unntities  of  tlie  chief  protUiet*  obtained  whon  a 
proteid  is  subjected  to  digestion  with  trypsin.  One  of 
ibe  earliest  of  Kiihiiu's  experimeutH  fumiuheH  us  with 
thiH  information. 

A  <|Uttnt)ty  of  blood-fibri  n,  corresponding  t»  3S2  grtns, 
4)f  the  dried  subi^tance.  wa^  digested  in  Q  litres  of  water  at  a 
temperature  of  about  -K)"  C,  in  the  presence  of  Na,CO„  through  tho 
agency  of  chuppvd-up  do^'n  pancreas  weighing  55  grrns. ;  ibu  solid 
matter  in  tUe  jKLUi-reas  u^ed  was  calculated  to  be  15'2  gnntk  At  the 
completion  of  the  digestion  it  was  fouud  that  :H3'7  grus.  of  tibrin 
had  passed  into  solutuiu.  From  the  latter  the  peptone  obtained  by  pre- 
cipitation with  alcohol  amounted  to  211'2  grms. ;  further,  there  were 
obtained  13'3gnns.  of  tymsin  andSl'Ggnns.  of  leucin.  In  Uiisdigea- 
tion  the  amount  of  peptone  obtained  amounted  to  53  per  cent.;  the 
leuciue  to  7-9  and  ihn  tyrosine  to  33  per  cent,  of  the  combined  water- 
free  fibrin  and  gland  digested,  whilst  about  20  per  cent,  of  othcx 
unknown  aulublo  products  were  formed. 

Under  the  influence  of  bacterial  action,  as  we  shall 
afterwards  have  to  shew,  the  digestion  of  proteids  by 
tryjisiu  isasi4ociatcd  with  tho  evolution  of  large  cjuaiiti- 
ties  of  inflammable  and  fustid  gntses.  Wlicn  however 
liacteria  are  excluded,  the  decomposition  of  proteida  by 
trypsin  proceeda  without  the  evolution  of  gases,  as  has 
been  shewn  by  the   reaearobes  of  Httfner*.     This   observer  found 

■  HiKn«r,  'Ucbcr  atwoloinnie  Pormcnto  nnA  ihrc  Wirltnnitita  bd  dcr  Panlons- 
tcrdanuDC.*    Jvtntal /Qr  frukt,  ClkM^r,  Tftl.  i,  |>.  L. 
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(bat  in  tbe  absence  of  bftctcria  tbere  U,  during  ]>ri>li>Dge(l  digestioa 
by  trypsin,  an  absorptiou  of  uxygcu  from  tlie  surn>uu£ug  atcdiam 
(as  fruni  tfae  air  of  the  flask  id  which  the  digmtiou  U  carried  oq) 
and  a  development  of  CO,,  tlko  amount  of  this  g»B  involved  beiiif 
however  v^ry  Hmatl.  We  shall  afterwarda  dr»w  attention  to  tlie 
results  of  Nencki's'  observations  uu  the  gaaas  formed  daring 
pancreatic  digestion  araociated  with  putrefaction. 

We  have  now  to  study  in  aucceasion  the  chief  products  of  iht 
ftctioD  of  ti^peio  on  proteida 

Sect.  8.    Anti-peptoke  rksultlno  rm»M  the  actios  or 
Tuypsm  (Syn.  Tbyptone). 

Our  knowledge  of  the  mode  of  preparation,  composition  ___ 
r«aotioas  of  anli-peptone,  the  product  of  the  prolougL'd  action  of 
tiTpsiu  acting  in  ao  alkaline  medium,  at  a  suitable  tctnperuture,  it 
baited  entireW  on  tbe  reHearctiuti  of  Kilhne,  and  of  Riibne  and 
Chittenden.  The  most  recent  information  concerning  anti-peptone  ii 
contained  in  a  paper  to  which  reference  baa  already  fre<iu(.'ntly  been 
made  in  the  preceding  pages'. 

Blood-fibrin  is  the  most  convenient  prot«id  to 
employ  in  the  preparaliou  of  an ti- peptone,  or  indeed 
in  general  whenever  the  chief  products  of  decnm position 
of  the  protcids  by  trypsin  nre  t<i  be  studied, 

In  Lis  expenmeiiis  Ktllme  loulc  Wfll-waahcd  bloud- 
fibrin,  boiled  it  in  water,  then  in  alcohol,  and  extracted  it  with  etber 
The  fibrin  which  had  thus  been  purified  wua  again  boiled  in  water 
and  then  subjected  to  the  digestive  pruoofis. 

In  bis  earlier  researches  on  pancreatic  digestion,  Kiibne  preveDted 
the  oiuet  of  putrefaction  by  employing  lui  extract  of  p&Dcnatic 
gland  made  by  digesting  the  pancreas  in  a  nulution  of  aalicjrlic  acid. 
Thus  in  (lue  experimenl  be  digested  800  grms.  of  pancrvma  at  40*  C. 
in  2  litres  of  water  containing  4  grmK  of  salicylic  acid,  and  employed 
the  solution  of  fenueut  thus  obtained  to  effect  the  digusliroL  of  large 
quantities  of  fibrin. 

In  hit  more  recent  experiments,  in  asisociatiun  with  Chittenden, 
Kiibne  iia«  carrieil  on  hia  digestions  with  the  aid  of  extrscta  of 
pancreas  which,  niuta/i*  mutatuiin,  were  made  essentially  in  tbe 
manner  described  at  pagv  222 ;  viz.  by  first  tUgeatiug  pancreas 
which  had  been  dehydrated  and  freed  from  fat  bv  treatment  with 
alcohol  and  ether,  in  01  per  cent,  fiolutiou  of  salicylic  acid,  and  alter- 
waids  digesting  the  undissolved  residue  of  tb>4  gland  in  025  per  cenL 
solution  of  aodium  hydrate  to  which  thymol  had  been  added. 

*  KenoU.  'Ceber  (tie  TkneUung  dn  Gnktitw  imd  dot  EiveisMM  boi  der  PaOlniia 
Slil  PanOTMU.'     Utiy't  Jahretbtritht,  Vol.  n,  (18'S),  p.  31. 

■  KUhM  aad  ObitteniWB,  ■  U«ber  die  Peptoa*.'    ZtiUehnJt  fitr  BMogit,  Vol.  zm, 

(U86>,>Mp.«U4(Mf. 
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Tbe  foUowiog  actual  exAmplcs  tftkcu  Irotn  Ktihuc  aud  Cliitt«n' 
deo's  researches  will  explain  the  processes  to  be  foUowiMl  in  pre* 
paring  anti-peptone. 

1  300  gnns.  of  dr)'  fibrin,  which  had  been  purified  as  stated  aboiro 
and  as  a  last  process  had  been  boiled  in  water  aud  the  water 
expressed  with  the  hand,  were  found  to  weigh  yVU  gnrw.  This 
quantity  of  muist  fibrin  wag  placed  in  lhrL*e  litres  of  a  0'23  per  cent 
solution  of  sodium,  hydrate,  Co  which  j  p&r  cont  of  thymol  had  been 
added.  Tlie  iufuaion  obtained  (as  expfained  previously,  viz.  by  the 
salicylic  acid  and  NaHO  and  thymol  method)  from  «8  gnttB.  of 
pniicn^aH  wa.H  then  added  to  the  fibrin  and  the  whole  mixture 
digested  at  40X.  during  six  daj-s.  The  ver^*  first  day  nearly  the 
wh'ile  of  the  fibrin  was  dissolved,  though  a  little  yet  remained 
j  undissolved  and  Boated  on  the  surface  of  the  liquid. 

The  digested  liquid  was  slightly  acidulated  with  acetic  acid, 
boiled,  and  filtered  through  cloth,  and  the  filtrate  concentrated  to 
I  litre.  On  cooling,  tliero  crystallised  out  the  greater  part  of  llie 
leucine  and  tyro^ne  which  had  been  formed,  and  to  the  hrowuish 
ayrup  which  was  drained  otT  alcohol  was  added  until  a  precipitation 
of  peptones  commenced.  The  liquid  wiw  then  builed,  to  dissolve  nuy 
precipitated  peptone,  aud  set  aidae  again  to  crystallise.  The  filtrate 
from  the  Bt-'Conti  crj'»tallisation,  now  t<denibly  free  from  amido-adde, 
was  saturated  with  ainmoiiiuni  Kiilphute.  This  rwagent  hesides  pre- 
cipitating any  albuuioseB  whicli  may  be  present,  carries  down, 
according  to  Riihnc  and  Chittenden,  many  accidental  impurities, 
aud  seems  to  precipitate  very  perfectly  the  tiypsin  which  may 
yet  be  present  in  the  liquid.  The  filtrate  from  the  ammonium 
aulpbale  prucipilate  wuh  tlxin  freed  from  a  great  part  of  the  sail  by 
ooucentratiug  it,  cooling  and  allowing  the  salt  to  ervBtallisu  out,  the 
separation  being  aided  by  the  addition  of  considerable  quantitiea  of 
alcohol.  In  order  finally  to  fme  the  poptoDe  from  the  ammoniacal 
aalt,  the  same  process  was  followed  aa  for  the  preparation  of  ampho- 
peptjjnes  firom  fibrin  (see  page  137)  ;  i.e.  the  .solution  wait  boiled  with 
bArinm  hydrate  and  bftnnm  carbonate,  and  after  expulsion  of  the 
whole  of  the  ammonia  by  boiling,  the  compound  nf  anti-peptone 
and  bahun>  was  decomposed  by  moons  of  sulphuric  acia  The 
peptone  was  repeatedly  precipHtated  with  alcohol.  When  dried  at 
105''  the  anti-peptone  obtained  from  300  grms.  of  fibrin  weighed 
1 20  grammes. 

Kiihne  and  Chittenden  found  as  much  diflicultv  in  drying  anti- 
peptone  as  they  had  encountered  in  the  case  of  amplio<peptones. 

Anti-peptone,  like  ampho-peptone,  is  only  com- 
pletely precipitated  from  itti  solutions  by  the  following 
reagents: — tauuiu,  a  solution  of  iodide  of  mercury  in 
potasdum  iodide;  and  almost  completely  precipitated 
by  phospho-tungBtic  acid,  phospho-molybdic  acid  and 
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^^y              KUhoe  aod   Cbitteudeit    have  cwnpared    the    action    of  mtaj 
V             reagents  on  auti-pcptoue  and  ampbo-peptone,  aod  the  resnit^  of 
^^^         ibcse  obacrvttliunH  are  exhibited  below*. 

^^^1             Ileactions  of  Peptouen  free  from  alhwnosts  and  purijied  by 
^^^K                                           pfiospho-tttngetk  'tcid. 

^^^              Tn  5  per  cent,  solution,  after  being  made  noticeably  alkaline  with 
^^^        a  trace  of  sodium  carbuuale. 

FIMO  •Dil-papUM. 

Fibrin  MwOi^fifWKv 

^^^^        Aoedo   add   and   poUiainm 
^B                        (crroojiuiii)«. 

At  flnt  )>«TteotIr  olear,  laur 

The  name. 

^L               Noatnl  lead  Mvtfcto. 

Finrl  dtop.  0  i  n»r«.  tnrbiditr. 

The   MBM^   hot  nuA 

wMluir. 

^                Basic  le&d  u«Ute. 

Tnrblditjiuimediiiwljr:  tnon, 
Btrong  turlijdit^. 

Ilie  uni«,  but  waaktt. 

H               Herourio  oUeride. 

Fit«t  d»>p,   0;    Rior*,  otrons 
twbidiljr. 

Tturbtdit;  inmediaielr. 
(Towios  ■Ironget. 

H                  S  per  cent.  onpriD  iniliiluiU!, 

At   nnt    elfutr :    moro,   hU^I 
tntbidity  iliMppoBriDS  vrith 
gnat  ntocn. 

NotbiuB- 

6  pttT  oeDt.  platiniim  dhloride. 

Only  «xoe«»,  rtrDnK  (nrbidJlj. 

Nothing. 

Ohromio  aoid. 

Nothing. 

Nothiug- 

FwTio  olilorida^ 

A  ttmes  fElvM  tarbidiV  vanitb' 
ioft  with  the  taut  nam. 

Notbiag. 

Otodftl  ftoelb  uid  and  eono. 
volpburio  %<s\i. 

Browniah  red. 

The  Rame. 

2Klng«aM. 

The  volouT  nhmniTu  tcUow  io 
thaooU.        ^ 

Thaaane.             ^^ 

Doiliiiff    with   MII4.   ityiKf 
■bloiiBMtiL 

Tha  wtoox  bMMBM    aliflitlr 
dukar. 

TboMBie. 

MiUon'B  tmoim. 

Al  ftnl  a  haavr  tthito  »». 
dplUte:  on  vuimnit.  <uity 
TiUmt  MTiiddtili. 

Tba  «ame,  tb«n  baauii- 
fbl  red  ooloar. 
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EmpJormeat  Triohlomcetie  acid.  CCI.COOH,  has  of  late    been 

ttc^i^*^!"^  eaiployed  as  &  precipitant  of  alljumiuous  bodies  geue- 

jrtgiptwirt  of  i^'v*  ^^^   >"  '^iiO'liialive  uuij  (jtmiititative  unalyses'. 

■Tiiiiiiiiwii  and  Thus  it  haa  bcvu  used  iii  tlie  (quantitative  &iial)'Giii  of 

ptpwrntm.  albumin  in  urine  and  of  cOBtiin  in  milk. 

Ii  woulj  appear  that  this  acid  throws  down  both  albumoBes 
anU  peptones,  the  latt«r  less  perfectly  than  the  former.  In  dilute 
Solutions  of  peptones,  trichloracetic  acid  faiU  to  produce  a  pre- 
cipitat«. 


'  Sect.  9.    Esi'mehation  of  the  Product.s  (othek  than  Albi-mose-s 

AND  PhPTOSES)  of  THE  AcTION  OF  TrYPSIX  UPON  THE  ALBUMI- 
NOUS BomiBi. 

General  Ohsei-valione. 

es  the  bodies  which  have  b«ea  ah-eody  de3cri.bed  as  albu- 
lOWN  and  peptones,  trypsin  when  it  acts  upon  the  albuminous 
bodies,  even  in  the  absence  of  putrefactive  bacteria,  gives  rise  to 
the  appearance  of  numerous  substances,  the  products  of  a  far- 
reaching  decomposition  of  the  complex  albununous  molecule,  and 
which  arc  fonnud  allogethcr  indt-pfudeiitly  of  oxidation : — products 
which  are  likewise  obU-ined,  iMme  io  one  case,  some  in  another, 
when  the  same  bodies  are  acted  upon  by  various  reagents  which 
»rc  capable  of  etiecting  their  hydrolytic  decomposition.  Thus  under 
the  action  of  solutions  of  barium  hvdrat*?  at  htyli  ternpei^atures,  bv 
fusion  with  caustic  alkalies,  by  boiliug  with  dilute  sulphuric  acid, 
by  boiliug  with  stanuous  chJoride  and  hydrochluric  acid  &c.,  wc 
obtain  from  the  albuminous  bodt««  pro|>er  and  from  tho  substances 
closely  related  to  them  (which  we  havu  dusigimiud  albumiaoid) 
several  deBuite  cryfttalUue  products,  which  vary  somewhat  with  the 
nature  of  the  decomposing  agent,  but  of  which  the  chief  are 
roprcsentcil  in  the  products  of  a  normal  '  tr^-ptic '  digestion  carried 
on  III  vitro,  under  conditions  which  exclude  the  modifying  action  of 
putrefactive  orvanisme. 

Amongst  the  usual,  we  may  say  coustaut,  products  of  the  action 
of  tr^'psiu  on  the  protoids  iu  a  body  which  when  present  in  a 
digestive  solution  causes  it  to  ussumt'  a  rud  colour  u«  thu  addition  of 
chToriae  water,  and  a  more  or  lesy  violet  colour  when  bromine  water 
is  added  to  it.  This  product  will  be  discuised  in  the  sequel  under 
the  name  of  'tryptophan'  (suggested  by  Xeumeister):  a  name 
iodicnting  that  it  is  a  colouring  matter  produced  when  the  proteid 
molecule  is  broken  down. 

ImBBUtion  of  Iba  Ottmaa  ctiglDal,  '  UalMr  dio  Peplono.'    Z*itKha-i/t  pit  Blclofflt, 
VoLxKii.  (UOe).  M«I>.  450. 

>  Obcrnujw,  *n«Mr  die  Aawandun^i  Aft  THrhloroMigaiiird  in  dor  phydftkwiMh- 
-y™**"*— ■  AutfB*.'  8m  a  long  epitome  by  Vmltaaor  AndrwMh  in  Uaij^ 
/ohrvitarfeltt.  Vol.  m.  (for  1888),  p.  7-10. 
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Sect.  10.    Tut  Amid«>acids  resultino  from  the  Action  of 
Trvpsik  on  the  Albuminous  Bodies. 


I 


latrodactory  If  *^  replace  &a  atom  of  H  in  tho  alcohol-Hwlicnl 

ottMrvftUoiu  of  ct'rtain  ucitls  bj  the  inonatomic  NH,-,  or  Hiiiido- 
OB  unido-  gen-,  group,  amido-acids  are  formed.  Thus  by  rc- 
""*  placing  in  tlie  case  of  acetic  acid,  CH,CCK>H.  one  H 

in  the  nuiioal  CH,  by  NH,.  we  obtain  CH  <NH,)COOH.  amido- 
acetic  acid,  cominonly  known  as  glyctfcoll  or  gfycocine.  a  body  which 
U_QHOf  productR  obtained  from  gplatin  by  long  boiling  with  dilute 
nblniric  acid,  and  which  also  results  from  the  bydrolytic  decom- 
posittoD  of  bippuric  and  glyco-choUc  acids. 

Another  example  of  no  amido-aoid  derived  from  a  fatty  acid  is 
afforded  by  the  body  leucine,  to  be  immediately  considered  in  detail, 
and  which  is  an  amido-caproje  acid. 

lu  the  case  of  each  individual  acid,  the  method  by  which  it  cau 
be  obtuined,  an  well  as  its  special  characters,  and  tnore  important 
compounds  and  reactions,  will  be  dtacribwd  with  sufficient  fulness 
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W«  iihftll  have  to  point  out  thut  the  ditTArcnocs  in 
tho  BoIubiUty  uf  thu  miiido-ucidB  in  water  sncl  nbcoliitc 
xlcoli'il,  ledpectively.  affoix]  a.  ready  trifatiB  of  w]»arat-- 
i»g  ci-rtain  of  the  aiiiidti-ac-ijH  (lenciue  und  tyroeine)  wliii^h 
tirv  jiriitdpnl  pivdui:t»  (uf  pnncrL-atic  protoolyaiK.  In  iid- 
dition  to  tbrsK  tlmie  nrc,  howcvei*,  others,  some  of  which 
have  already  been  HOparat<>d,  «nd  othera  await  invoatiitation.  The  com- 
pounds  with  Gn  aid  uit  in  tbift  ncurcli.  All  the  nmido  acids  form  vtn-y 
^mnng\y  sulnblc  nnd  dctioiU;  cryatttlliiie  eomiiouiids  with  oopjicr,  which 
are  reiidily  «btain(>d  hy  boiling  the  aquMius  Bolution  of  tL«  aoid  or  aoida 
Willi  |iroperly  )rreci]iitttted  cwpric  hydrate  CufOHJ^,  Altering  and  allowing 
thf  Kuliilioii  to  ctKil ;  uiilntn  tliv  nolution  )ii»r  Iwun  very  <lilat4-  the 
Cii  I'OmjKiurifl  will  ihi-u  M-piirMUi.  TliMse  comuounils  may  be  purilimi,  the 
amount  of  Cu  wliich  they  cont*in  d«t«niaiDed,  »nd,  beaidea,  th«y  utuy  be 
deconipoMMi  by  H^  niiil  the  atniJo-acid  ol>tttin«l  lu  a  pure  coiiOiUou'. 


astfWMralr*- 

■eUauafuU- 


Isliy.  Wheu  treated  with  aitrous  acid  tho  whole  of 
their  N  is  evolved  in  tbe  gaseous  form  and  an  oxy-acid 
is  formed,  thus  :^ 


(I)    CH^XH,)COOH  +  HXO,  =■  CH^OH)COOH  +  N,  +  H.O. 


Ulycoolii«. 


OxriMtfa  or  ijlj-oolllo  acid. 


>  lo  IIm  individual  amida-aoiiU  for  dotaiU  aa  to  lh«  coRipoaition,  pmparaiion. 
ion  and  deeoiD];Kwiti<ia  of  the  Cu  oompounda. 
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LEUCINE. 


(2)    CH^CH,).CH(NH,)COOH  +  HNO, 

o-Amidonortn&t  caproio  add. 

=  CH.^CH.>.CH(0H)COOH  +  N,  +  H,0. 

OKyDuproic  ni  laucic  ociil. 
2iitll>'.     Wheu  heatcid  witb  barium  livdrate,  the  amido-ftci<ls  splii 
up  into  alcohol  bna^)t  dod  carboa  dioxidtt.     Thus : 

CH/NH,)COQH  =  CH,NH,  +  CO,. 

Gljfco<iiiie.  Metlu'Lnutino. 

To  conclude  tbca©  few  very  elementary  observations  on  uif 
anudo^widii,  it  may  be  remarked  that  these  bodies  in  virtue,  firstly, 
of  tho  acid  carboxyl-gPJUp.  aud  secondly  of  the  bftsic  amido-gmip 
which  th«y  foutaiii.  are  at  mice  acids  and  bases,  combining  both  willi 
bases  and  ncids  to  form  salt-like  compounds. 

Letmnt   (C.HuNOJ'. 

CH.    CH. 

{a-amidoisobutiiUicetic  acidic -OK,- C^{'S^)COOVL.') 

OMamBM  Leucine  has  been  found  in  several  of  the  tissues  wjd 

tatii«oifM-      oigana,  especially  of  the  glands,  of  the  healthy  bwly: 
in  the  Bpleeu,  the  tbyimis,  the  thyroid,  in  the   parotid 
and  submaxilluy  glands,  and  above  all  in  the  pnncr«as.      It  is  U*  the 
vmincnt  pathohipat  Virchow*  (bat  the  murit  oelongs  of  having  first 
diacovured  Ivueiue  ami   tyrosine  as  oou-pathologi^  couKtituents  of 
tbv  |Nuicrea^  both  in  man  and  the  lower  antmaU.     Ho  point«d  oat. 
further,  that  tbe  pTOzimata  principle  which  Sch«rKr  hat!   iicp&ratcd 
fruu]     tho    «ple^i    and    called    lienin    was    nmloubtedly     leiiciofc 
Viivhow'a  ahon  and  apparently  forgotten  paper  ii*  nf  great  intoreot 
in  connection  with  the  history  of  dtaooveries  in  pancreatic  digestion. 
Sckerrr*  t)v(Mnited  fhun  SO  ponnds  of  the  pancreas  of  the  ox.   180 
i;nui\mw  of  puns  leticiiie,  an  amount  which  correeponda  to  1*77  per 
cvut.  of  (h<>  trpsh.  and  to  737  y^  cent,  of  the  dried  and  water^^Tve 
glauduUr  tisstu'.     At  the  Xxvav  when  Seherer  analysed  the  pmncftM. 
the  ilt»e»vory  afterwards  due  to  Ktthae  had  not  bt'fn  made,  rix.  that 
trypiu.  as  a  n-Milt  of  its  dinetiTV  actirity,  splits  up  the  albutninoaB 
UNlif«v  and  thAl  amoogsl  the  moct  ohnow  and  b««t  characterised 

tpiuducta  are  leucine  »id  tvrosiae:  Sorthcr  that,  as  the  nault  of  a 
proMM  of  mtta-di^mtiem,  the  ghnd  soon  after  dtatfa  is  found  to 
contain  such  conaMlMafcl*  ^oaatitMa  of  ^bms  anuife-*cids  as  were 
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certainly  not  existent  at  the  time  of  dcnth.  The  question  then 
ariftes  whether  any  of  the  leucine  routid  in  tlio  pancreas  is  to  be 
lookod  upon  us  a  normal  eonstitiicnt  ante  mortem,  ^^timerouft  tacts 
enftble  us  to  anmt-t^r  this  quutitinu  in  the  afHrmativc. 

Radziejewsky.  In  1SC5.  under  KUlme's  guidance',  made  a  research 
with  the  expresaobject  of  determining  whether  leucine  and  tyrosine 
are  normal  confttituent*  of  the  body ;  with  this  olyect  the  various 
rirgADs  were  removed  inimediatelv  after  animals  had  been  killed, 
pluugL-d  iuto  5pirit,  then  immeiliately  cut  into  fragments,  and 
pounded  with  the  help  of  sand.  The  alcoholic  solution  was  then 
uivcstigated.  It  was  iound  that  whilst  tyrosine  ncciini  normally  in 
no  single  tirvan,  leucine  ia  a  constant  constituent,  though  In  different 
and  fluctuating  proportions,  of  the  pancreas,  the  spleen,  the  lymphatic 
jErland^,  the  ealivarv  glands^  the  thyroid,  thymus  and  liver*.  Leucine 
waa  neither  fomiJ  in  the  muscles,  lungs  and  brain,  nor  iu  blood. 
Milii'ft,  bile,  and  urine.  The  prcsenoo  of  leucine  in  the  kidney  and 
t**ticltf  waa  considered  doubtful.  Treskiu*,  in  a  research  made  under 
Hoppt'-Seyl  fir's  direction,  BubBetjuently  discovered  leucine  iu  the 
testicle,  and  Cloetta'  discovered  it  to  be  a  normal  conHtituent  of 
lung  tissue. 

Leucine,  according  to  v.  Gerup-Be«anez,  has  been  found  in  the 
alimentary  canal  of  tlie  pupae  of  Spfiiiu  pinaatri  and  Cossim  li/pii- 
pertia:  in  arthropoda:  in  AstacM  fluviatilis :  in  spiders,  caterpillars 
and  butterflies,  and  indeed  In  a  fretpieut  ocmstitueul  of  iuvortebrata*. 
It  WM  found  by  Professor  ZoIIcr  of  V'ienim  (together  with  tyrosine) 
in  the  coutents  of  im-u  fossil  eggs  diacuvert^d  iu  the  guauu  of  the 
Island  of  Chincha  (Pent)'. 

Leucine  liaa  b<.-eu  found  by  Goriip>Besanez  in  seedling  vetoh 
plants',  together  with  )isp»rn^rino  :  bv  Scliul/e  and  Bnrbieri*,  together 
with  oaporaginu  and  tytoaiue,  in  needling  puwpkuis. 

In  pBthnlngicai  conditions,  leucine  has  been  found  together  with 
tyr<M*ine,  in  large  qiinntilies,  in  the  blood,  liver  and  urine  of  ca.scs  of 
acute  yellow  atrophy' :  in  the  liver  aud  urine  iu  oases  of  phosphorus 

■  8.  BadiwjeiTBky.  -Dm  Vorkomnioti  van  Lrtidn  anil  Tvrooin  in  nonnalcii  RAqior' 
(aga  tWm  cfanaiaohcn  Lalnjraturiuin  dvb  putiioloKiadica  luntitiit*  su  Uorlia}.  t'irclwui't 
JrtMr.  Vol.  «xti.  (18fi6|,  p.  1—14. 

3  The  rendw  nu^  onniniJt  ■  papor  by  Rod.  Tinhow.  'Ualxir  der  Lnda  tmd 
TvToain  AlMcheidnngt'D  an  'Uu-  Lebci.'     I'ireliow't  Jrehii'.  Vol.  viii.  (18U),  p.  8SC 

'  *  TrcakUi.    ■  UMtauaili»tle    ilet  TuitilU'I.*     i'JIilfier-t  Arehiv.    Vol.    t.    (1873),    p. 
Ita—VKt. 

*  Clmtta,  AatiaUn  d.  Clirm.  if.  Pharm.     Vol.  xcii.,  p.  38fi. 

*  T.  Oorup-BewiKa,  Lfhrbucb  <t.  phyt.  Chem.,  4th  «d,  (18T6),  p.  2S5. 

*  ZaUar,  '  VtAta  die  Zii^aiamvtiitctEiinpt  fcaailcr  EI«t  und  verMhM«lMr  Ifn  Gnwio 
uAuuUBar  ConeraUoDAn.  .Iutfiiifrd--r  k.  Akad.  in  li'ieit.  1871,  tut.  19.  The  antbor 
na*  nnt  Mva  tiSia  pajm,  of  which  n  limKlitj  «)i*tra<it  «ppDiuvtl  in  Maly'i  Ja/iTetberithi, 
Vol.  IT.,  p.  IU4— 887. 

'  Oomp^BaMiira,  Ber.  d. ileut4eb. rheiit.  UtMtUcluirt,  Vol.  tii.  |lB74t,  p.  14CaDit  5(19. 

*  E.  SchulM  and  3.  baibleri,  'Leacia  ana  RurbiskdmlioAvi''  Ber.  d.  d.  ehfm. 
OttU.  U.  128fl. 

*  Fr«ncli'a  iVil/cV  Kliitik.  )95«,  no.  SI,  '  Rlinik  dvr  UborkmnUiaitcn.'  laSS, 
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pciBoning*:  in  the  liver  and  uriae  of  cas««  of  cirrhosis:  more 
abuadaatly  than  in  the  normal  condition,  ia  the  liver  c^  caaes  of 
typhus  and  variola.  It  has  beiiii  found  in  the  blood  of  leukaemic 
patients:  ill  the  alviti«  dejecta  of  cholera:  in  pus:  ia  the  sputum 
of  cases  of  pulmonary  gangrene  ;  in  certain  dro[)aical  transudaiiyue: 
ID  atheromatous  deposits. 

1.  By  th*  acHan  of  trypsin  on  proUid^.  A  l»ts« 
quautilyof  well-boilutl  fihriu  is  digested  with  a  sahcjlic 
and  tbyniolibed  solution  of  Kiibt*  i  dried  pancreas  (see 
p.  222>,  exactly-  as  ik-scribud  for  the  preparatioii  of 
aotipeptone.  The  liquid  product  of  dige'«tioQ  is  Htt«rad, 
so  as  to  free  it  A'om  undissolved  fibrio  and  from  accideuLul  inipu- 
ritieH;  it  ia  feebly  acidulated,  by  meana  of  dilute  acetic  acid,  aud 
boiled.  Haviny  filtered  otT  the  precipitate  which  forms,  the  tiltnue 
is  conceotratcd  until  it  is  nearly  of  syrupy  coiiBiBtence  and  set  aaido 
to  cool.  After  24  hours  a  coiisidt-nibic  quantity  of  leucine  and 
lyro&in©  will  have  crystallised  out.  The  motlicr  litjiior  i?  separatwl 
from  the  crytitals  aud,  if  uccesaary,  further  concentrated.  The 
brown  synipy  liquid  is  then  treated  with  absolute  alcohol  antit  a 
precipitate  of  antijieptone  commences  to  fall.  The  alcoholic  sulutioo 
is  then  heated,  so  as  to  difnolve  the  pr(>cipitjited  peptuii»,  aud  set 
aside  to  cool  and  cry-itollise.  The  mother  liijuor  is  agaui  poured  off 
and  the  crystalline  cruft»  which  have  nepamted  may  be  advantage* 
Qusly  washed  with  saturated  solution  of  ammoDiuni  sulphate*.  "Iwie 
mixed  leucine  and  tyrosine  resulting  from  those  operations  miut 
then  be  separated  and  purifiod. 

The  simplest  metho*!  aihipted  for  the  Beporaticai  of  leucine  from 
tyrosine  rests  upon  the  fact  that  leucine  is  rery  much  mtm-  soluble 
both  in  water  and  spirits  of  wine  than  tyrosine.  By  builiug  the 
yellow  ciyataUine  masses  or  cruets,  compoe>ed  of  impure  leucine  sud 
tyrosine,  with  alcohol,  the  former  is  dissolved  and  the  latter,  in  great 
part.  Iclt.  From  its  alcoholic  auluUoD,  after  suitable  concentration, 
leucine  wit)  crystallise  out,  and  may  be  puri6ed  by  repented  crystal* 
iintion  from  alcohol.  From  the  iiiiioltible  residue,  tyrosine  ia 
obtained  by  dissolving  iu  n  weak  solutinu  of  ammonia.  The  sohitioo 
is  allowed  to  evaporate  at  ordinary  temperature,  when  tyrosine  sepa- 
rates iu  the  m'titatline  form. 

The  method  of  puritication  of  leucine  originally  deviiod  by 
HIasiwetz  and  Habemiann.and  to  be  described  iu  the  sequel  (p.  S30), 
may  be  employed  for  the  separation  of  leudae  from  the  other  pro- 
ducts of  digestion  by  trypsin. 

2.  From  ffhndttiar  orpans.  The  orgao  is  reduced  to  a  pulp  io 
a  mincing  or  sau$«^>'  machiDO,  and.  if  necessary,  is  mixed  with  pow- 
dered glass  and  further  nibbed  down  iu  a  morur.     It  is  dig«jft«d 

'  SotntNbowa^i  * Qvbtr  Ftoiplwotwiftww '  l*u*  ^"^  tli.niiilinMili  ifcoiiihiifcai 
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with  ooM  water  with  frequt^nt  sbirriiio',  aud  the  Hululiun  in  aeparated 
rrom  iosolulle  matter  by  filterinf;  through  calico.  The  inaoluble 
matleni  are  again  treated  with  cold  water.  The  coilerted  turbid 
solutions,  if  distinctly  acid,  are  at  once  boiled  :  if  not,  they  are  ftn^ 
feebly  acidifieil,  by  mejins  of  acetic  acid,  and  then  boiled.  After 
separation  of  any  proteid  which  has  been  precipitated,  solution  of 
acetate  of  lead  is  added  and  the  liquid  Adjoin  hltered.  A  stream 
of  salpliurctted  hydrogen  is  passed  through  the  filtrato,  so  a«  to 
precipital«  the  exceas  of  lead.  AitL^r  again  filtering,  to  get  rid  of 
the  lead  sulphide,  the  filtrate  is  concentrated  to  a  svrupy  consistence 
aud  ihvu  »L>1  aside  to  cryKtHllisc  Any  leucine  which  .se[>aratc8  uiay 
be  iheu  purified  by  the  prooeaseB  referred  to  in  page  2S(j. 

3.  lii/  the  action  of  boiling  afilphurie  add  and  other  ngenta. 
It  has  already  been  staced  that,  by  the  actiou  of  various  reagents 
upon  the  albuminous  and  nlbuminoiii  bodies,  the  couiplox  molecule 
is  split  up  and  a  large  number  of  producw  are  obtamcd,  Bome  of 
which  may  bo  ooneidered  as  due  to  the  primary  decomposition,  others 
as  the  result  of  a  Kecimdary  action  of  the  decomposing  agent  upun 
the  bodies  first  formed.  Amongst  the  principal  methods  vfhicli  have 
Wen  employed  with  succeaa  to  effect  the  decomposition  of  the 
jiroteid  molecule,  iind  of  nhich  the  products  have  been  carefullv 
8tti<Ued,  are  the  following : 

1.  Heating  the  Rubfitance  under  iDv«stigation  with  sohition  of 
barium  hydrate  under  pressure,  at  tempeniturcs  which  have  in 
(UffSerent  researches  varied  between  100"  C.  and  200"  C.  This  method 
has  been  largely  employed  by  Schulzcnbcr^'cr  aud  by  Gauticr.  by 
Schultze  in  association  with  Barbicrl  and  Boashard,  aud  has  led  to 
rwults  which  have  aftbrdod  a  considerable  amouDt  of  information 
as  to  the  probable  structure  of  the  proteiil  molecule. 

2.  Boiling  the  snb.'^tance  for  many  hours  with  stannous  chloride 
and  hydrochloric  acid,  ati  inverted  coDilenser  being  employed  and 
arrangemeots  sometimes  made  for  excluding  atmospheric  oxygen. 
(Hlosiwetz  and  Hnlxtrmann'.  E.  Brechnel'.) 

3.  Heating  the  substance  with  bromine  water  in  sealed  bottles. 
(HIasiwetz  and  Habennniio'.) 

4.  By  the  scclou  of  dilute  hydriodic  acid  on  coagulated  serum 
albumin.    (E.  DrechstO '.) 

5.  Boiliug  or  futiing  the  alhuminoua  subfttanecA  with  caustic 
alkhlies. 

*  HluitMitx  and  i.  Htklicrniniiii,  ■U«b«r  die  Pn)l«iii*tall«-,'  Attn.  d.  Chtm.  u, 
Pharm..  Vol.  cuix.  p.  I.SO. 

*  B.  Dntchiw],  •'/ait  Kanniniiw  d<ir  SptlliiniitpTodacM  d«M  Ckwinii.'  Ita  Bo)« 
Bqrinoad'i  Arebiv,  Itldl.  p.  2>W.  Sw  alvo  vho  vutoiUB  paptn  hy  l)ne\iw\  and  lil» 
pnpiU,  ludei  tha  hiMdiog  Lj-*iuo  ind  LTMiinLn*. 

>  llluiw«tc  and  HftUtniLUD,  'U«Wr  di«  ProUinHto(I«,'  Atinaltu  tier  Chtmtr, 
Vol.  <^E.  p.  304  ft  uq. 

*  ft.  DnebMl.  '  Uvbrn*  die  Eintrirkung  fon  TvdfUititon  Skoittn  suf  Albumin. 
Ltulmif'0  Fntgabt,  p.  ts. 
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6.  Loug-contiDued  boiling  with  dilute  Bulphuric  acid;  rarioaii 
observers  omployetl  acid  of  dilTereut  concentration  (though  the  pro- 
portion of  1  of  acid  to  3  of  wator  has  been  most  commou),  ibe 
duTELtiun  of  boiling  usually  varying  between  34  aud  S6  hours. 

Bj  any  of  these  mcthwlK  of  decomposilioD  k-uciin!  may  be  obtained 
from  any  of  the  albiiminoua  or  albuminoid  boilies,  mixed  with  a  large 
number  of  other  bodies,  which  are  to  be  looked  upou  as  either 
primiiry  or  socondajy  prodiictft  nf  the  decomposition  of  the  proteid 
molecule.  Whilst  the  first  four  methods  have  been  emplnye<l  with 
the  greatest  biicocss  for  the  purpoeea  of  investigation,  (he  fourth  anci 
especially  the  fifth  have  been  hud  recourse  to  when  tbe  object  hu 
beeu  merely  the  preparation  of  leucine  and  tyrosine,  for  tliese  two 
bodies  are,  with  few  exceptions,  obtained  together,  and  have  to  be 
aeparat^d  one  from  the  other. 

As  n  niw  material  for  preparing  leucine  the  fotlowiDg,  amongst 
other  aubstaucei*,  have  been  cbielly  employed:  meat,  cheese,  fibtiD, 
horn,  wool,  feathers,  yellow  elastic  tissue.  The  following  are  th« 
detaila  of  the  method  for  obtuiuiog  both  leuciue  and  tyrosine  from 
horn-shavings : — 

1000  ^rammfis  of  hom-shavinRs  aro  hoilfid  for  24  hoiim  with  a  mixture 
voiitAinin;^  '2>i(}i)  c.c.  of  concentrated  aulphuric  acid  iinJ  6*5  Htr«t  of  watvri 
tlic  evaporatfd  wat^r  Vieing  rupliicwl  from  time  to  time 

Thin  miik  of  lime,  of  uniform  (Consistency,  ib  then  gmdu&lly  added  to 
the  acid  li<juirl  until  iiu  alkaline  reaction  in  obUiued,  the  liquid  botug  ooo- 
tiuually  stirreil.  Tlir  mixture,  wliidi  nece^uuirily  citntuna  a  larite  qoantily 
of  precipitated  calcium  sulphate,  in  liltcrpil  throiifjh  a  jelly-bag;  tlie  rt^dne, 
alter  Mpieezing,  i»  boiled  vitb  water  and  again  liUcrcd.  Thu  utixcd  titrate* 
ar«  xli^htly  aoidulnted  with  oxalic  acid,  which  |)i-ecipitatc»  the  calcium 
originally  present  in  a{)liitton  an  calcium  oxalate.  Tim  lii^uid  being  filtered, 
tlie  filtratft  is  c»nci-titratp'd  uutd  a  cry)it4dliliL-  pclUcli)  appears,  when  it  iisM 
aside  bo  cool  imd  t<:j  cr^'staUisif'. 

Tlio  uniUnl  mniUMw  of  cryHtals  are  disHolved  in  bniling  watar;  some 
solution  of  Hmmonia  is  added,  ivnd  then,  with  continual  etirriiig,  a  koIu- 
tion  of  lead  acetate,  until  the  pi-ccipitatc  which  Eoi-toh  is  no  longer 
brownish  but  wliile.  The  li(|uid  Ik  then  Ultei-ed  aud  the  hot  filtrate  is 
acidulated  witl»  dilute  milphunc  acid,  the  jirtoipitata  of  lead  sulphate 
which  forma  is  wparat^Ml  by  filti-atiou  aud  tlic  tillnit«  allowed  to  cool. 
when  tyroiiine  «i!|jarat^H  ulutniit  oonijiletflly  and  iii  a  pure  condition. 

Thii  tiiothiir  iic^uor  front  which  tlio  tyroHine  has  been  filtered  ia  then 
trcBtud  with  Mutphurcktcd  liydroRun  so  as  to  gvt  rid  uf  the  lead  which  tt 
oontaiiu,  and,  liaving  been  ugain  filt«red  and  the  excess  of  H,8  expelled 
by  heat,  ia  cfmconlrated  and  Itoiled  for  a  couple  of  minuteo  with  frcehly 
preoipitated  cupric  hydrate.  A  <Iark  blue  aolutiun  is  obtainvd  by  tlut 
(ttooaaa;  thin  ia  littered  and  concentrated,  wlion  it  dcposila  sky-blae 
WUtT  tnaaaes  of  crystale  as  well  aa  a  precipitate  havinr>  thu  compoaitioD 
Cii{CKH,aNH,0,)r  Ucth  tbi!  precipitate  and  the  cr^-stal line  niaMea  are 
docompos'-d  by  nicatui  of  nul phiirctted  hydrogi-ii,  the  Gltnitc  from  the  sol- 
phide  of  copper  formed  is,  if  need  he,  cU-culouriscd  by  means  of  animal 
cbarooal,  agaiu  filtered  and  aufficiently  concentrated,  when,  »n  being  nt 


CHAP.  Ul.]      CONSTITUTION  AND  SYNTHESIS  OV  LEUCINE. 


237 


u)d«,  lh«  leuciiic  cryBtallisiTs  out.     Bv  diaavlvin^  tlie  cr^tfils  id  epiriU  of 
vine  and  recryatal lining  th«  nubslftiice  is  ittill  furclier  piiritied'. 

According  to  Zollikofor'  the  Hfiaj/ifiitinn  uucfiae  of  tliu  ox  in(«t 
rcJulUy  furmshes  k-uciuc.  One  part  by  wcij^'bt  of  tin:  tissiif  is  bailed 
J6r  three  boura  with  a  inixtury  of  2  pans  •}(  siilplniric  acid  and  3 
parts  of  water.  No  incix-^ed  yield  of  buoine  h  obtained  tf  the 
Doiliog  be  further  prolonged.  Tlie  pmdiict  may  be  treated  exactly 
as  described  in  the  first  procesa 

The  yields  of  leucine  when  varioiw  bodies  wore 
treatud  by  tiiu  stilpliiirio  acid  method  wtirv  aa  follows 
(Erlcnmeycr  and  hcboffcr*):— Lig.  nuchoe  35 — 45  7o 
of  iu  WKighl;  blood-fibrm  14°/,:  muscle  Ifi"',:  albu- 
min  lO'/^:  horn  10 "/n-     Nencki'  by  the  same  process 


QiuuiUUuof 
Ituda*  obUdn- 

•dttOUTBllOU 

and  aUiiuiiI- 
nold  boaiM. 


obtained  from  gelatin  lo — 2  */, 


Constitutum  and  Sr/nthenis  of  Leucing. 
Tjeucine  is  au  amido-coproic  acid.  There  are  theoretically  eigbt 
possible  caproic  acids  (C,H„0,).  of  which  sc^'en  have  alreaay  b«D 
prepared,  aud  correspond iuj'  to  theae  eight  acids,  ihirtj-tiuf  possible 
i«oinerie  kmido-caproic  acids  or  leucinca.  For  reaaons  which  space 
will  not  permit  iia  to  discuits.  the  leucine  which  in  obtained  by  the 
deoompofiitioD  of  the  albuminous  or  albuminoid  bcxlies  can  only  be 
a  derivative  of  one  or  other,  or  of  both,  of  two  of  the  isomeric  capinic 
ncids:  to  wit  normal  caproic  acid  or  isobutjlacotic  acid.  Furthor, 
wc  arc  acquainted  with  facts  which  prove  thai  in  either  east;  iht-  NH^ 
group  must  occupy  the  a-position.  Briefly,  the  coDatitiitiou  of,  wliat 
ne  may  term,  the  physiological  uuriual  leucine  munt  be  represeulcd 
by  one  or  other  of  the  two  appended  formulae. 


IL 
CH.  CH. 

^^ 

CH, 

(a)  CH-NEI, 


<a) 


00( 


)0U 

a-Ainido-normul  caproic  uicL 


COOH 


a^Ajnldu-lsolratrlMwds  add. 


■  Tho  iloiionptiaD  of  ttua  procw*  ix  luken  ttrlMitim  tram  Dreehiel'i  '  Anlcltuug 
xaT  ltairet«Uiit]|!  phyniologinoh-cliviniadicr  FnipaTatr.  Sic'  Th«  method  of  MpuaUn); 
uiil  pnrlh-inK  leucine  from  tytuunc  gittoi  u  tlial  cmplujred  b>  HlMiwelx  um  Babor- 
muiii  ('  L«ber  die  ProlcinirtoS*,'  Jnn.  d.  Chan,  und  I'harai.,  V<il.  clxu.  p.  150). 

)  ZoIUWar,  'Iloilnii«  but  Sttmbuj*  d.  clwIindlL  0«w«b«a.*  Annal.  d.  Chem.  u. 
Pharm..  Vol,  r.rtstt.  (I86S),  p.  IflS— 18a 

>  ErleDm&yer  unci  SohitiaM',  iinolAd  by  MrIjt.  op.  eit.  p.  309. 

•  NmicU.  Jmm.  f.  prakt.  ChemU,  N.  F.  Vol.  jy.  j.p.  390— 888. 
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It  was  until  latt-ly  eurmised.  maioly  m  coiwequence  of  the 
n?«enrche3  of  Hllfuor',  that  the  first  of  thL>  two  formulae  ropre»ente<l 
the  coufititutitiii  of  thu  leucine  of  the  animal  botly. 

Schuiac'  having  provefl  that  the  leucine  which  is  obtained  bjr 
th(^  decomjKHiition  of  vegetable  protcidR  has  the  constitution  of 
amido-ieobutylacettc  ncid,  Hufnc-r  hm  lately  caused  a  most  elaborate 
investigation  Ui  bf  nmdo  in  bis  laboratory  by  Dr  Bernhard  Gmeliu*. 
who  has  conclusively  slitwu  that  leucine  of  animal  origiu  poestfsse* 
the  same  constitution  us  that  derived  from  vegetable  prot«ids,  lod 
that  the  v&rintioQs  which  leucine  presents  in  phymcal  charact«n — 
as.  for  example,  lu  sulubility  and  in  itH  power  of  rotating  the  plane 
of  polarization — accvniing  to  the  conditiona  uuder  which  it  ia  formed, 
arc  explicable  on  the  theory  of  physical  isomerinm.  the  chemical 
conatitutioQ  being  the  same. 


Byntheait  of  Jq  a  lai^e  tlaek,  funiisliiid  with  an  inverted  ooo- 

lunciii*  ^^    donser,  125  arms,  of  potassium  bichromate  are  h©At*Hil 
actios   of  HOI         ■  1  ■    . "         e  t^K  I-  J        I    1       ■ 

uid    BCN    on    With  a  imxture  »t  l().{^rm&.ol  concc-utratca  sulpbunc 

viaeraj<i«hy<i«     acid  and  1250  c.c.  of  water  to  a  temperature  of  90". 

Mnmoaia  Through  a  stoppered  funnel  100  grms.  of  amyl  alcohol 

(Umprioht),        ^.p  ^),(,,j  allowed  tii  flow  in  gradually.     In  this  reactioo 

valeric  nlJch^jde  <C.H, .  COH)  is  formed.     This  body  is  now  sapa- 

nil«d  by  distillation  ;  the  di-stiUate  is  first  of  all  shaken  with  a  dilute 

siolutioD  of  sodium  hydrate,  which  is  then  got  rid  of  by  meatu  ol'a 

separating  funnel,  and  tlit;  InipurE?  valemldehydi!  is  shakeu  with  a 

conceutrated  solution  of  acid  sodium  sulphite  (sodium    bisulphite, 

NaHSO,).     Ci^'stala  of  vale  raid  ehyde-sodium  sulphite  separate: 


O  OH 

C,H,C       ■)-  NaHSO,=  C,H.CH 


N. 


H 


N, 


Vidct*l4oh}-ile 


Sodium 
Btanlphlte 


_yagOy 

Vklmtldehr  d«-  K>di  ittii 
SolpUtc. 


The  crystals  are  tittered,  pressed  between  filtering  paper,  and 
distilled  with  solution  of  !todiiim  hydrate,  when  valeraldehyde  is  aet 
free  and  distils  over.  The  distillate  is  treated  with  coocentrated 
ammonia  aud  thoroughly  shaken,  when  valeraldehyde-ammoQia 
separates  out  in  the  crystalline  form. 


'  nnfner.  Jourtuil  flir  pr.  Ckeiait  (8),  1,  6 ;  Ztitiehrift  f.  Ckevt..  fiw.  i,  Vol.  it. 
(imM).  i>.  891  And  616. 

°  8(rIiutEc  a.  Likiemik,  *U«b«i  die  Cofwtitutioii  *lca  LcucIdv.'  B<r.  d.  if.  ek. 
OtxUKh..  B.I.  ixiv.  (IJWI),  *,  «6B. 

*  Bernhard  Guulin,  •  Bdtrtee  lUr  Senntniu  den  Luuetnu '  |liiiimiiiil  r-JMinnJuii, 
Tubingen,  wm. 
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0  OH 


C.HJC     tNH,=  aH,CH 
\  \ 

H  NH, 


VAler&ldehj<le 


Vftlera.ld«h;d«-untiiaaiA. 


ThU  compouod  is  now  collected  ou  a  lilter,  wa«hed  with  water  and 
U]CD  boil&d  with  a  mixture  of  strong  UCN  aud  dilute  UCi,  iu  a  flask 
provided  with  an  iiivert.ed  condenser,  until  the  crystaU  are  com- 
pletely dissolved.  (Two  parts  of  valeraldehyde ■ammonia  are  Vwuled 
with  i  part  of  HCN  and  an  excess  of  diliiie  HCI.)  It  appears  that 
m  tile  first  instance  a  body  haviog  the  formula  G.^„X,  is  fornit'd. 
This  l)ody  however  splits  up  accurdmg  to  the  (bllowiug  equation  : — 

C,^N,  +  6H,0  =  3  ( C.H,.NO,)  +  2NM, 

Leiidne 

The  oontenlfl  of  the  Bask  are  now  concentrated  on  the  water  bath 
in  a  draught  rhamher,  due  precautions  Wnng  taken  now  (as  well 
aK  in  the  previous  operation)  against  thi.-  puiij^ible  inhalation  of  the 
poisonous  vapour  of  hydrocyanic  acid  which  is  evolved  abundantly. 
Wboti  the  liquid  has  cocl^,  ammonia  is  added,  when  part  of  the 
leucine  separates  out  and  is  collected  on  a  filter.  The  mother  liquor 
is  evaporated  to  dryness,  the  residue  extracted  with  dilute  hydro- 
chloric arid,  and  the  solulion  having  been  concentrated  on  the  water 
bath  is  again  treated  with  ainniotua'. 


Physical  and  Chemical  Properties  of'  LeiKtne. 

OrriuaiUi*  Pure    leucine    presents   a    soovr-white    appearance 

innn aad  sMlt-    and    uccurK   in   the  form  of   colourless  aud   light  crys- 
laspotBt.  ta.nine  doubly  refracting  plates.  posseMed  of  a  greasy 

feel  and  which  float  on  WH.ler  without  being  wetted. 

When  henled  to  170°  C,  leucine  iiicdta  and  then  givu)  off  fumes 
which  condense  iu  th<.-  cooler  jmrt  of  the  tube  forming  an  ex- 
cetMliugly  light  sublimute,  which  has  been  compared  to  the  so-called 
^FhiloAopber's  wool,'  i.e.  sublimed  zinc  oxide. 

When  the  aubliineJ  leucine  is  examined  microscopically  it 
presents  the  appearance  of  thin  plates  grouped  into  roeette-shaped 
nuuNSi ;  the  plates  when  seen  edgeways  appear  to  the  observer  as 
needles. 

When  leucine  KUpurut-es  from  solutions  whicti  coutatu  other  sub- 
Ktances  it  usually  forms  crusts  which  under  the  mieru«cope  are  seen 

■  rukinwa.  Ann,  Ch.   a.  tharm..  Vol.  xc,  p.  141.    Llmpiiohi.  Ibid.  Vol.  xoit. 
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to  be  composed  of  baJU  and  uudulAr  nuuBO.    These  balls  of  leuciae 
are  Curly  transpareDt  and  »i>metiiiiee  pniseat  a  rMluU«d  stracture. 


^,  M  ^  Sf 


tsi  Piavccn  w  Dhmwk  n  T^itkb. 

-^  Althriogh   ctTBtak  ol  leactne  Bcmt   on   water   tLe 

botJT  is  reallj  of   bibber  specUic  gnvirT   iban  wat«r. 

Aocording  to  Eogel  and  VUnuin.  the  fpecific  grarirr  of  I<-ucinc  at 

i8'aui5»a 

•otaMittT  I«vciB*.  M  has  already  been  suud,  preeents  ono* 

ftideiable  Tanattoos  in  eeriain  of  He  [j(i.^-8ical  properties 
aocoiding  to  its  orieio  aod  perhaps  to  tbe  OKxle  of  prepanilifn 
emplojvd.  These  difereoow  are  explicable  on  the  bjrpotli(.Tsi£  of  thv 
existcace  of  several  leodnes  pooMimpg  the  Raine  chetuiol  oom^t  iiutiou. 
but  irhtcb  arc,  hoip^er.  'pbrsicamr  tsocaeric.'  Thus  ZullikoTvr' 
found  tbai  1  part  of  leucine  ofctaioeS  froRi  Iw.  ■aofcitr  is  soluble  in 
37  parts  of  coM  water.  R  Omelin*  fooad  that  I  part  of  I^uciue 
prepared  from  casein  is  soloble  in  39  parts  of  mter  ai  xhv  tem{M>ni- 
tort;  of  19' C.  atMl  id  14'3  parts  of  beUb^  irau^r.  whilst  I  part  of 
leucine  prepared  from  haemogMni  requires  4o1i  parta  of  water  at 
19*  C  to  diaaolT«  it,  and  let'7  parts  of  bmling  water. 

Leucine  obtained  bj  the  sjmtfaetic  prooesa  deecribrd  at  pase 
requires  117  parts  of  water  at  the  temperature  of  12  C.  to  diasoli 
it*.  LeDcioes  of  approximately  the  saute  sparii^  eolubijitv  result 
firum  the  decotnpositioa  of  rarioa*  proteids  by  Schiitzenberger't 
niPthod*. 


•  B«h-,  J— a./.  fPakL  <:*mii  (ft.  1. 1 


^■B.   d.    CfcMI.   M. 
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Lencioe  is,  when  pure,  soluble  in  approximately  1040  parts  of 
Absolute  {i)8  per  cent.)  alcoliol  at  onlioary  tinnperatureK,  nnci  800 
parts  of  boiling  alcohol  uf  the  t>ame  streujTth  (ZoUikofer,  B.  Qmeliti). 
Leucine  Is  intwltible  in  ether.  It  is  dissolved  by  alkalies  and  acids. 
Itnpiire  leucine  is,  however,  much  more  soluble  both  in  water  and 
alcohol  thnn  the  pure  substauce. 

LfuciiiK  which  is  the  product  of  the  action  of 
trj'pfiin  ciu  albuminous  and  mbuminoid  bodies,  or  which 
is  obtained  by  dccumposing  the  protcids  by  means  of  acids,  is  ttex- 
trogyroua.  lUi  sptcific  rotatory  power  {a)  D  =  +  173  (Sehuize 
ana  Boeahard*).  In  a  remarkable  investigation.  Professor  Schulze, 
with  whom  wero  associated  K.  Bosshard  and  (in  a  great  part  of  the 
work)  J.  BarbiL-ri'  ',  discovered,  in  the  first  place,  that  leucine  which 
is  obtained  by  the  action  of  barium  hydrate  on  the  protoida  at 
hiyh  tern pcriitii Its  (150* — IfiO"  C.)  is  inactive.  Thov  next  proved 
that  wh(>n  uuiiiiiLl,  uptioally  active  loucioe  lb  hcatea  with  barium 
hydrate  to  150* — 1G0°  it  aciiuires  the  properties  of  the  body  obtained 
by  the  action  of  the  i>aine  reagent  acting  on  the  proUiids  at  the  same 
temperature.  The  optically  inactive  leucine  was  fouad  to  be  less 
soluble  in  water  than  normal  leucine,  requiring  about  100  parts  of 
water  at  ordinary  temperatures  fur  ^oUitiou. 

The  next  remarkable  di>icove-r>'  consisted  in  proving  that  when 
PeniciUium  glaucum  is  sown  in  a  suitable  sterilised  culture  tliiid  to 
which  optically  inactive  leucine  lias  been  added,  and  the  organism 
allowed  10  develupo  for  SMme  weeks,  an  optically  active  leucine  is 
at  last  found  in  solution,  but  this  differs  frum  tlie  uurmul  leucine  in 
being  IffiYOgyrous.  WhiUt  for  normal  leucine  {a)  D  =  +  I7'3,  for  leu- 
cine formed  under  the  action  of  Fenidllinvt  jlawum  (a)  l)  =  — 17'5. 

Reasoning  by  analogy,  we  should  assume  that  under  the  influence 
of  a  high  temperature  two  physically  isomeric  leucines  are  formed,  ooft 
©f  which  (the  normal)  is  dextrogyrous,  and  the  other  laivogyroua; 
further,  tJiat  the  mould  which  effected  the  wonderful  transformation 
consumed  one  of  the  isomers,  vik.  the  ilextrogyrttuH  leucine,  leaving  its 
IsBvogyroUH  fellow  iiutuuched.  In  accordance  with  these  probable 
MsampClooB,  Sohulze  an<.l  Bomshnnl  found  that  the  amount  of  In'vo- 
gyrous  leucine  reooveretl  amounted  approximately  to  oue-bulf  the 
wtiKhl  of  the  inactive  leucine  which  had  been  acted  upon  by  the 
Peuicillium.  and,  fiiriher,  that  after  the  proce«  had  b««a  approxi- 
mately completer),  so  that  but  very  little  inactive  leucine  could  Im 
prejwnt  in  the  solution,  freshly  introduced  Feuicillium  developed  very 
scantily. 

U  will  be  seen  in  the  seiiuel  that  other  amido-acids  possess,  like 

>  R.  Selmlio  (uDUt  Bolheltunuiit  tod  J.  ftaibieri  nud  K.  Btwihanl  «ui^ftlliit), 
' UntcnitichutigBn  DbO'  dla  Amldoaiursn,  woIoIm  bci  der  Ztm^tzung  Jer  EJiriiMatoSe 
dnnh  Saljuinr*  mtMlclMiD,'  ZHuchri/t  f.  ^^hJ/t!^lL  Chfin.,  Vol.  ».  (1485),  pp.  6S-~lil. 

*  Sefaoba  and  B.  BoMluud.  '  l/Dtvraachtminni  tib«t  dia  Anii3oMiuxii,  fta.' 
ZeiUehrift /.  phyt.  CAem.,  Vcl.  x.  (iWHj),  pp.  l«4->«. 
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Oampoiuida 

of  Lauclns  with 
otHtt  IMHUei. 


leucine,  dextro-  and  Isevo-gyroiis  iaomere,  which  are  produced  antl«r 
the  infliJftiiice  of  liigh  tcinpcralures.  aud  that  the  action  of  Penicitliitm 

(flaucwm  is  the  same  in  all  tEieae  cases. 

Leucine  forms  crystalline  compounds  with  sulphuric, 
liydrochloric  and  nitric  acids.  The  hydn>cblonc  aciJ 
compound  is  rcprthsonted  by  the  formula 

C.H«N0,.HC1. 

Leucine  forms  two  crystalline  compounds  with  cupric  oxide. 

1.  The  compound,  already  referred  to,  which  is  formed  when  solu- 
tions of  Icuciue  are  boiled  with  fi-eshly  precipitated  cupric  hydrate, 
separates  in  the  form  of  sparingly  soIuIiIr  light  blue  rhombic  tables, 
and  has  a  compoaltiou  rcpre^culcd  by  the  formula  Cu{U,HuNOJ,.' 

S.     When  to  a  boiling  solution  of  leucine  there  is  ndded  a  botlii 
solution  of  cupric  acetate,  there  separate  deep  blue  shining  cryj 
containing  between  2-5-25,  and  26*91  per  cent,  ot  CuO,  a  percentage 
which  agrees  beat  with  the  empirical  formula 

7C.HaNO,  +  4CHO,* 

KoActiau  1.     It  has  alreatly  been  8ai<l  tJiat  when  leucine  is 

SLuiT^ieJ!    '»«***»*  ^  170"  C.  it  melts  and  volatilises  unchanged. 
jj^  eu-    jj.  fyj.j]jgj.  tieated  it  yields  amylamine  and  CO,,  the 

udour  of  the  furmer  bemg  distinctly  rccu^izable. 

CHu(N  U,)0,  -  c;h„(N  H.) + co„ 

LvudiiM.  h  ni  j'lttinitii' 

i  The  cni'stalline  stnicture  of  leucine  aids  greatly  in  its  recog- 
nition. It  will  \yi:  rememberoil  that  whcu  scpurattng  from  extracts 
of  aaimal  oreans  it  presents  the  appeanuicv  of  nudutes  aud  spheres; 
that  after  botng  subhmed  it  occurs  in  the  form  of  plates  arranged  io 
rosettes  ([k  S39)i 

.S.  When  leucine  is  tfc«t«d  with  nitric  acid  and  is  slowly 
ovnporatf^  on  a  slip  of  platinum  foil  it  yields  an  almost  colourless 
ivsiduo ;  when  one  >tr  l«*a  drops  of  »otutiou  of  sodium  hydrate  are 
addi^  to  the  residue  and  a  little  heat  is  applied  an  oily  globule  is 
formed  which  rulU  upon  tlie  foil  without  wetting  it  (Scherer'a 
reactiooV 

4.  Some  uf  the  substance  may  be  diasolTed  in  boiling  water  and 
treated  with  boiling  wlutiou  of  oipric  aoeUto,  wbeo  the  ciyst«llitie 
copper  rt>ni{Mund.  idready  doeoribeu.  will  form. 


P.W7. 


u-  Kaiya  J^Ma^itht,  TeL  -m. 
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■•"^t*     of         1.    By  heating  leucine  obtained  from  profceids  with 

m*  ^^?    fuming    HI    io   sealed   tubes  at    from    140'— 150'  C. 

on  httda*.      '    HUlner  found  that  there  were  obtained  caproic  acid, 

iodide   of  ammonium   and    iodine,   according  to   the 

fallowing  equation : 

C,H„(NH,).CO(OH>  +  SHI  =  C.H..  .00(011)  +  NH.I  + 1, 

Leucin*.  Caproio  kdd. 

2.  When  leucine  is  di^olved  in  nitric  auid  and  the  solution  is 
treated  with  nitrous  acid,  it  exhibits  the  general  reaction  of  the 
amido-acidn,  the  whole  of  its  nitTogi>n  being  resolved  in  the  gaseous 
form  and  leucic  (or  oxyc&pruic)  acid  b'eiiig  formed. 

C«H„(NHg>0.  +  HJiO.  =  C.H„(OH)0,  +  N,  +  H,0. 

1 

Leucic  Mid 

Leucic  add  bcant  to  leuciue  the  same  relation  which  glycolUc 
acid  bears  to  glycocine  uud  lactic  acid  to  alanin. 

The  relationship  is  shewn  below : — 
Glycocine      CH^NH,).COOH     GlycoUic  acid  CH.(OH).  COOH. 
Alanin  C,H/NH.).CO0H    Lactic  acid  C,H,(OH).COOH. 

Uucine        C,H.otNH,).COOH   Leucic  acid  C,H«(OH).COOH. 


'•«**'•  «f  Of  all  the  theoretically  posaible  leucines  haviDg  the 

lAueiiM.  general  formula  C„H„^.,NO,,  the  dexti-ogyrous  ioucirie 
(a-amido-isnbiitylacctic  acid)  is,  lu  already  stated,  the  one  fitrincd  in 
the  processes  of  the  economy.  Allusiou  has  been  made  to  an  inaclive 
leucine  which  in  formed  under  the  intliieiicc  of  barium  hj'dratc  at 
high  temperatures,  and  of  a  latvogyroUB  leucine  which  is  presumably 
aseociated  m*ith  an  exactly  equal  ijuaDtity  of  the  dextrogyrous  body, 
ID  ioactivo  leucine.  Thest,'  lciicine.s  all  have  the  mime  cni>micat  con- 
stitution UH  the  normal  leucine,  beiug  physiciwl  is.)nier8  of  the  latter 
body.  The  same  remark  applies,  almost  certainly,  to  a  leucine 
deacribed  by  Nencki.  This  omervcr'  separated,  from  decomposing 
pancreas,  a  leucine  which  is  an  isomer  of  nonnal  leucine,  but  which 
differs  from  it  in  certain  important  propui-tics.  One  port  reqiiirca 
43'6  paru  of  wal^^r  at  14'A°C.  to  disKulve  it:  its  sotubdit_v  is  there- 
fore about  half  tJiut  of  noruiid  leucine.  It  posttesses  a  feebly  sweet 
taste,  and  when  heated  to  210"  ^ubtinieN  without  previotm  melting: 
under  the  action  of  heut  it  gives  off  llie  od"ur  of  amylamine.  2^o 
detaiU  are  given  as  to  the  optical  properties  of  this  leucine. 

1  VMteU,  ■  Znr  Konntniu  Ant  L«iMiDe,'  Joitm.  /.  ptait.  Chtm.,  N.  P.   Vol.  xv. 
a»0-8M. 
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Amido-valei'iaHic  acid,  C»HuNOi 
(aH«(NH,)0,  =  CH,(N  H,)  -  CH,  -  CH,  -  CH,  -  CO .  OH). 


Oceomiuft. 


This  amido-ftoid  was  found,  on  one  occasion,  in  lit 
pancreas  of  the  ox  by  v.  Gorup-Besanez',  who  aflfrwanis 
asHiiiucd,  thou{!^  doubtless  iucorreclly,  that  Neiicki's  spanngl* 
soluble  leucine  m  am ido- valerianic  aciti*.  The  two  bodi«8  have  many 
chemical  and  physical  properties  in  common,  e.g.  the  compouiMi 
they  form,  their'  volatility  and  the  subtimote  which  they  yield 
Amidu-valeriaDic  acid  is,  however,  less  soluble  in  water  tha.n  leucioe, 
md  is  optically  inactive. 

It  appears  probable  that  ornithin  (Jaff^»),  a  base  excreted  in 
combination  with  benzoic  acid  wIihu  the  latter  is  administered  tfi 
hens,  is  a  dinroido-valerinnic  acid  ■(Jafft-,  Drechsel*).  This  &ct 
renders  a  search  for  ainido-valeriuuic  acid  in  the  products  of 
pancroatie  digestion  both  interesting  and  desirable'. 


Pantxyphent/l-a-amidopropionic  acid 


I 


OMtuTvnce 
IB  Um  artBa- 


CH,.CH(NH,)COOa 

T}Toaine  is  pn>bably  never  a  constituotit  of  the 
beaitliy  living  tissues  or  orjjauB  of  man  and  the  higher 
animals,  hut  when  fwind  there  ts  either  the  result  Of 
putrefactive  decnmpositiou  or  of  the  action  of  txypeiu  ou  pfotmd 
bodies,  or  it  is  the  result  of  morbid  processes. 

The  statement  that  tyrosine  is  probably  never  a  oun-'^tituenl  of 
the  healthy  organs  of  the  hisher  animals  require^!  some  cxplanaliim- 
UdUI  the  researches  of  Kiibne  and  his  pupil  Radsiejew^ki*  bad 
prored  the  contrary,  it  wa.<>  believed  on  the  strength  of  ihe  anal, 
of  the  dead  panci^  made  by  Scherer.  Gorup-^sancz  and  oi " 


*  T.  Gonip-&«««iMB,  ■  EIb  d«ia  LftBcin  bannlpgw  Kinar.    BeateaJtbcil  der  Ban^- 
fftkbMrii^'  Jmm.  d.  Cl^,  ..  Phat^.,  VoL  xcvja.  (ISSS).  p.  IS. 

•  t.  Uaran-BMUMS,  i>tArito.;A   d.  p»,^tictof.  CiKmir,  4U   Aaflitg«,   Br«on*ch««is. 

•  JaO^  £«r.  d,  titmbck.  cittm.  QtttlUtK  ToL  i.  f.  19U  and  U.  ».  «06. 

*  DfMted,  B«niMBtt'i  lUnJUtk,  VuL  r.  i.  pp.  CIA.  SI). 

*  abm  Uw  ■Wr»  «m  millMi  Dc Uu  Sitsfned's  tamaoh,  'tTefaor  Aim 
BlguMl»nMi  *m  MicnUiMB  0««.bw'  |M>WiwN*w«dkrirt.  Ltipiv.    Dm.   t 
hM  aMMfMl.    H»  hu  teosd  that  «h«a  »d«iuud  timn^  whiab  ta  dMolat«]v  "in 
noa  V  tr.vp"^"-  "  wlii'swA  to  ^>  MtkMl  cf  Muuuhu  oUaiMt  sad  hjiiKMbloric  Mid 
H  vMJi  >■  ■  crhiH  pndaM  o(  dMomimtttoB  aBuda-ntaruaia  Mid.  beafdM  it-niMwih. 
Mb*  Md  IjirinJiw.  h«t  MiUwv  laodiM  au  tyntUm.    Thia  dtMwvMy  wiirhaiMii 
3m  DMMMtljr  of  lb*  Mtnh  neoaaHMMM  in  tU  tut  (Jm.  U.  I«U>. 

•  Tk$  vm*  TytMbM  la  dPitvad  Iran  tw^,  ttiiwi,  ud  wm  ginn  to   i<  Irr  ita 
dlaMvww.  UaNc.  «1m  flnl  wtlahiaj  It  I7  toabif  cteaaa  wi*  aaoatie  peUdi. 

T  RadilajnraU.  -  l>aa  VoakuMMa  im  UmIh  Ukd  TVTMla  in  iiiiniilin   Krinwr  * 
lirvAow  «  JtrWr.  Vd».  «■*!.  ll««k  ».  1— 14.  *^ 


J 
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CHAP,  ni.] 


that  Uiis  organ  contains  an  abundance  of  tyroRino  as  one  of  it« 
Dormal  proximate  principles.  Ever  since  these  reBearehes  were  mado 
ibe  error  has  from  time  to  time  been  repeated  and  it  cannot,  there- 
fore, be  too  emphatically  luc^rtecl  that  the  pancreas  iluring  life  coq- 
taios  only  a  very  small  Quantity  of  leucine  and  no  tyrosine'.  Both 
these  subRtonceH,  as  we  oavo  already  stated,  usnally  occur  in  targe 
quantities  in  the  dead  piuicreos,  because  uf  the  rapid  auto-digeation 
of  the  oi^an,  a  process  which  comnieucoB  very  shortly  after  death. 
It  b  only  in  the  intestinal  canal  that  tyniaoo  is  a  Doruial  cod- 
•titucnt ;  tho>e  it  arises  as  one  of  tlie  products  of  the  action  of  trypsin 
00  some*  purtion  of  the  hemipeptone  which  is  the  result  of  gastric 
and  pancreatic  proteolysis, 

Tyrosine  occurs  &6  a  regular  constituent  in  many  invertebrate 
animals,  especially  in  artbropoda.  It  was  found  by  Warren  de  La 
Rue  to  be  an  abundant  constituent  of  the  cochineal  iusect  (Ccicciw 
cactt).     When  thus  found  it  is  always  aseociated  with  leucine. 

Tyrosine  has  bccu  found  (finit  by  Frcrichs),  together  with  leucine, 
in  considerable  quantities,  in  the  hver,  blood  nnd  urine  of  cages  of 
acute  yellow  atrophy  and  of  acute  phosphorus  poisoning;  In  smaller 
quantities,  in  cases  of  cirrhosis  of  the  liver,  ami  in  the  liver  in  severe 
cases  of  typhoid  fever  and  of  stnall-pox.  It  has  been  found  in  puru- 
lent auuta  ,  in  the  enlarged  spleen  in  cases  <i(  leukaemia',  and  has 
been  uescribed  ati  a  constant  constituent  of  the  epidermal  scales  in 
pellagra*. 


rf  Inasmuch  as  tyrosine  is.  with  few  exceptions,  auo- 

I^J'^*'""  "  dated  in  its  origin  with  leucine,  its  modes  of  prepara- 
tion have  already  been  described,  as  well  as  thu 
methods  which  may  bo  employed  in  separating  it  from  leucine  (see 
pp.  234  and  230).  It  ouly  remains  therefore  to  note  certain 
exonptionnl  CAses  in  which  by  the  dccompoRition  of  the  Blbuminous 
or  albuminoid  bodies,  tyruaiue  Is  not  obtained,  and  to  give  such 
information  as  to  the  yield  of  tyrosine  from  various  albuminous 
and  albuminoid  bodies  us  was  previously  given  in  reference  to 
leucine. 

1q  general,  whatever  the  proteid  acted  upon  by  such  reagents  na 
dilute  sulphuric  acid,  barium  hydrnto  in  afjucoua  solutiou  at  150" — 
160"  C.  &c  .  the  products  obtained  are  the  same  in  kind  ;  nevertheless 
the  amount  of  each  product  yielded  by  different  substances  may, 
ueteru  jiaribwi.  exhibit  wide  ditfen-uccs.  Whichever  the  albuminous 
or  albuminoid  body  acted  upon  (with  the  single  exception  of  the 

'  KAhn*,  'BrfiLhriiQ^n  ami  nvm«ilraa)t«n  fibtr  Rnajnu  and  PomenM,*  Vnttr- 
Mtthunfffit  all*  Jfm  Phgtiologittftfu  InttiluU  der  C/himtHUIi  Hei^Uftrg,  VoL  I. 
p.  SIT. 

*  Fridreiafa,  Virrhoir't  AreMv.  Vol.  «i.  p.  B81. 

*  Salomon.  '  Zor  Lehre  tdh  der  LeakMmi«,'  Ankir  f.  Aiut.  «.  P/if/wiotoffle,  Xifit, 
p.  nt.  Hahet.  •Tymsin  udiI  »em  VorluimniAii  ha  ihierlacliea  OrKftniiiniiM,'  Anhiv 
/.  UeitlmmU,  Vol.  xvui.  (1ST7).  p.  i&5. 

*  SobaiUer.  quohxl  by  v.  Uvrap-B<aa&«z,  Lehrbuch  4.  phy.  Cl^m.  p.  237, 


Dewly-aeparated  ' reticuHn')  we  fiad  leucine  amongst  the  products  of 
decomposition,  though  how  greatly  the  yield  of  leucine  may  vary  is 
stated  at  pugo  237.  Tyrusitiu  Ktttnds  in  this  respect  in  a  di6fereot 
rolation  to  leucine,  in  that  some  of  the  derivalivox  of  albumin  do  not 
yield  it.  The  first  example  in  illustratiuu  of  such  budiea  is  offered  lij 
gelatin.     When  long  boiled  with  dilute  sulphuric  acid,  it  yield*  Uree 

Quantities  of  amido-acetic  acid,  or  glycocoli  (C,H,NO,=  CH,(NH,) 
lOOH),  an  amidoacld  which  is  not,  in  geoeral,  yielded  by  a  eiinUu' 
treabment  of  protcids,  or  their  derivatives  and  inter  alia,  it  yields 
about  r5  percent,  of  loiicine  (Nencki).  From  gelatin,  however,  we 
can  obtuiu  no  trace  of  lyroaiuf.  Under  the  iuQuencc  of  putrefactive 
boetena  gelatiu  iigaiu  yiolds  glycocoli  and  leucine  but  neither  tyrt^ 
lune  Qor  iadol.  (iclatin,  it  may  be  noted  in  Urn  conueclion.  docs  uut, 
when  pure,  exhibit  Millon's  reaction.  This  reaction,  which  is  fiir- 
niahed  by  all  the  albuminous  biidies  proper  and  by  ocaxly  alt  ibcir 
immediate  allies  the  albuminoid  bo(lie.<t,  which  are  capable  o( 
yielding  tyroeiue.  is  identical  with  HofTnianDA  tyrosine- reaction. 
It  has  already  been  stated  (p.  I'Iti)  that  whilst  solutions  of  ampho- 
peptonea  give,  in  a  characteriatic  manner,  Millon'a  reactaoD,  pure 
antipeptouo  fails  to  do  so  ;  in  accordance  with  this  fact,  which  they 
discovered,  Kilbnc  and  Cliitteudvu  found  that  by  long  bvitiog  with 
dilute  sulphuric  acid,  autipeptoue  yields  no  tyrosine. 

From  horn,  Stiideler  obtained  4  per  cent,  of  its 
weight  of  tymsine.  Ellenmeyer  and  Hcbiiffer  obtained 
from  Uffavient  nuchae  0'25  per  cent.:  from  horn  3"6  per 
cent,:  from  blood-fibrin  20  per  cent:  from  egg-albumin 
I'O  per  cent. 

Schlitzenberger  by  the  action  of  barium  hydrate,  at  temperatures 
from  160' — 2(10°  C,  for  a  period  of  from  4  to  6  day.i,  obtained 
from  blood-albumin  and  vegetable-fibrin  2  percent.;  from  blood* 
fibrin  liti  per  cenL  :   from  casein  4'1  per  cent,  of  tyrosine'. 

OoaaUttMoC  In  the  paper  in  which  Kiihne  first  announced  hU 

2^*''"  ti"  discovery  of  the  profound  decomposition  which  iho 
duel  obuUM  1""'*^''^  molc'^ule  undergoes  under  the  influence  of  the 
by  di««Uon  of  proteoljtio  enzyme  of  the  pancreas,  he  gave  details  of 
Bbria  by  iiyp.  an  experiment  which  fumisne^  snine  idea  of  the  (juan- 
■"'■  titles  of  leucine  and  tyrasino  obtained  by  tho  digestion 

of  blood-fibrin. 

The  fibrin  had  been  thoroughly  boiled,  and  then  freed  aiechani- 
cally  from  much  of  its  adherent  moistur*?.  The  amount  subjected 
to  digestion  was  equivalent  to  f)82  grammes  of  dry  fibrin.  It  was 
suspended  in  6  litres  of  water  at  40' — tti",  and  to  it  was  added 
65  grammes  uf  minced  pancreas,  corresponding  to  1.V2  grammes  of 
dried  gland.     After  a  uigeslion  lastiug  6  hours,  10*0  grammes  of 

■  AH  lli«  dat4  civan  uodor  this  bsMt  vn  lakcii  fram  Ualj,  UermantCi  UamMmeK 
Vol.  V.  It.  pp.  aiS  «iid  S19L 
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undissolved  mibet&nce  remnined,  vrhibt  from  the  aolutioD  irere 
nepamled  42'd  gratntnoa  nf  coogtilated  albiiinln  nnd  alfaiiininnte. 
By  subtracting  tne  amount  of  the  undisaolved  iiiattur  as  wcEl  as  tbe 
mass  of  the  coagulated  albiimiu  and  nlbuniinate  from  the  total 
quantity  of  water  frL-u  fibrin  aud  gland  wv  obtain  the  amount 
of  tlie  8ubatauce8  in  solution  (3S2  +  15*2)  -  (ll'O  +  42-5)  =  3437 
grUDmee.  Of  thcao,  2112  gratunms  consisted  of  peptone,  iS'S 
gnmines  of  tyrosine,  and  31*6  grammes  of  leucine.  If  we  calculate 
th«  perceatage  of  tyrosia  and  leucine  obt^ned,  in  terms  of  the  water- 
free  proteid  matter  Bubmitted  to  digestion  (397*2  grammea),  we  find 
that  the  yield  of  tyrosine  amounted  to  d'3,  and  of  leucine  to  7*9 
per  cent.  We  have  sta.ted  (see  p.  246)  that  by  treating  blood-fibrin  by 
the  sulphuric  acid  method,  Erlonmcyer  aou  Scb^>ti'cr  obtained  only 
2  per  cent,  of  tyrosine,  though  the  yield  of  leucine  was  14  per  cent. 
By  bis  barium  hydrate  method,  SchUtzenborgcr  obtained  from 
blood-librin  3'3  per  cent,  of  its  weight  of  tyrosine.  From  a  com- 
parisoD  of  the  results,  we  must  conclude  that  the  yield  of  tyrosine 
when  blood-fibrin  is  subjected  to  the  action  of  trj-psin  is  larger  than 
it  is  by  either  sulphuric  acid  or  the  barium  hydrate  method.  The 
comparative  snialluesa  of  the  yield  of  tejciiie  as  compared  with 
that  of  tyrosine  probably  depended  upon  the  greater  difliculty  of 
ficparating  quantitativvly  the  more  soluole  proximate  principle. 

OoD*UtaU«a  Tyrosine    is    an    aromatic    compound.     On    many 

of  iTTotuu.  grounds  it  bos  come  to  be  generally  looked  upon  as 
derived  from  one  of  the  three  oxy  phenyl  propionic  acids,  viz.  from 
the  one  which  is  designated  para  or  p-oxynhenylpropionic  acid. 
This  relation  will  be  rendered  obvious  by  the  following  coustltutioDol 
and  graphic  formulie. 

1.     Para-oxyphenyl-a-propionic  acid. 

C-OH,-CH,-C0.0rf 
.pOH 
0^.(  OH 

CH 

C<OH> 

If  we  now  replace  an  H,  by  NH,-,  in  a  CH,  in  the  aide  chain  of 
p*roxyphenyIprr.pionic  acid,  we  obtain  paroxyptieni/l-a-amidoftrvpionic 
add,  is.  tyrosine,  thus  : 

C  -  OH,-  CH(NHJ  -  CO .  OH 
,pOH  /\ 

CH 


^1 


^On,.CH(NHJ.COOH; 


OH 
0{OH) 


«■•  a  demacive  afmlKj^ 
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of  adiefiie  mmI,  its 
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hcaT^ 


<;^KOi+^,o+o=c;H.o,+c;^,o,+yH, 

V-  Sbrtk.  tkmpM,  aiiMiiil  as  a  filaMf  Aamj,  thai 

CH,aNHCA». 

■  iiiMinil  U»e  Twv  (to 
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01    B0.(;;Q..CB..0B(3?H^.0O.OiI^H,^ 


fMimifenvhiaM 


3kH,*HO.C^.CH,  CH^.OO.OH. 


(3)    HO.C:^.-CH,.CH,.OO.OB  =  00,-HO-C^^.CH,.CH, 


(i>  Ho.c;^..Ga,.cH.^ab=H^-ao.CA-CH^oo.<».1 
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Tyroaine  is  noluble  in  about  1900  parta  of  water  at 
ordbttryleiiiperamre,  oud  iu  150  parts  of  boiling  water; 
it  U  insolubltt  in  alcouol  iLiid  other. 

TyroBinc  is  readily  soluble  in  solutions  of  ammonia,  in  Bolutions 
of  the  cauKtic  iilkalies  and  their  carb matett.  It  it!  likvwi&e  Koluhle 
in  dilute  conooutr&t^d  mlDcrol  acids,  with  which  it  forms  somewlmt 
unjitjible  compounds. 

Oompounda  Tyr'i«ite  forms  a  compound  with  hydrotbloric  acid, 

ctirr^tia*.  C,H„NO,.  HCI  +  2H,0.  which  is  eaiiily  soluble  in  abso- 
lute alcohol,  but  is  split  up  by  water  iuto  tyrosine  and  hydrochloric 
acid.  Similar  coiiijwudiU  wttli  nitric  and  autphuric  acids  have  been 
obtoloed. 

Ootnpouttds  of  tyrosine  with  sodium,  calcium,  barium,  silvi^r  and 
mcrctiry  exist  ami  have  been  tnun!  or  less  completely  investigated'. 
The  compound  of  copper  with  tyrosine  deserves  special  menlion. 
on  account  of  its  sporin;;;  ftolubility.  It  in  obtained  by  boiling  sotu- 
lions  of  tyrosine  with  freshly  precipitated  cupric  hydrate.  amT  sepa- 
rates in  the  form  of  small,  dark  blue,  Jtliining  needles  wliieb  are  sohmtc 
in  1290  parts  of  cold  and  240  parta  of  boiling  water,  but  are  insoluble 

■  Coomlt  Lekriuek  irr  Xooehemit  «oa  Ptof.  K«rl  B,  tlofmKQn,  Wien,  1679;  p.  16. 
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in  alcohol  and  othor.  It  is  decomposed  by  evaporatiDg  it<  solatioDii 
It  haa  iim  compositioD  represented  by  the  formula  (C',H,,NOA  Cu  ', 
lu  tlie  detection  of  tyroBiue  the  observer  is  mucli  aided  by  ibe 
study  of  tbe  crystalline  form,  aa  well  as  of  tbe  solubility  in  varioiu 
a^uts.     In  addition,  bowerer,  several  reactiotiK  am  available. 

TjToaine  forms  several  compounde  with  mereorj: 
all  these  when  heated  wttb  a  solution  contaiDini 
nitrous  acid  are  coloured  red.  filillon's  rea^at  tt 
employed  in  testing  for  tyrosine.  When  added  to  solutions  of 
this  body  it  produces  a  precipitate  and,  on  boiling,  the  liquid  u- 
aumes  a  red  colour,  which  increases  in  depth  as  the  boiling  ia  con- 
tinued. Millon'd  reaction  for  tbe  dctoction  of  nroteid  bodies  aad 
their  derivatives  dapenda  upon  the  action  exertea  by  mercuric  salts, 
in  the  presence  of  nitrous  acid  upon  tbe  lyrosioe  residue  which  they 
contain.  Nevertheless,  no  solution  of  a  proteid,  bowevcr  concen- 
trated, exhibits  the  progressively  increasing  colour — commencing  witli 
a  pink  shade  and  passing  into  a  deep  crimson — which  is  liecn  wheo 
BohilioDs  of  tyrosine  are  boile^l  with  Milton's  reagent.  Maly  recom* 
mends  that  tbe  liquid  tu  be  tested  fur  lyn>aine  be  lirst  treated  witli 
a  not  too  acid  solution  of  mercuric  nitrate,  and  then  either  with  a 
little  nitric  acid,  containing  nitrous  acid,  which  is  diluted  befbn 
being  added,  or  with  a  nitrite. 

n-  A  small  quantity  of  tyrosine  is  placed  on  a  watcb* 

glass  together  with  one  or  two  drops  of  concentrated 
sulphuric  acia  and  in  neated  on  the  water  bath  to  50'  C.  After  half* 
an-hour  the  solution  is  diluted  with  a  little  water  and  neutralised 
by  means  of  barium  carbouat*.*.  On  filteriug  and  adding  to  the 
filtrate  a  dilute  solution  of  ferric  chloride,  frvMJ  from  acid,  a  violet 
colour  developesL  An  excess  of  ferric  chloride  decolourises  the  sola- 
tion.  Y^lieD,  nesides  tyrosiae,  large  quantities  of  leucine  are  preacnt, 
Pirta's  reaction  is  interfered  with. 

Pitta's  reaction  depends  upon  tlta  fonnation  of  compoonds  of  tyrociiit 
and  xulphuric  scid. 

scastw^  When  tyrosine  is  treated  with  a  mixture  of  1  part 

nacOaa.  of  concentrated  nitric  acid  and  1  part  of  water  and  tbe 

mixture  is  evaporated  to  diyness  a  deep  yellow  residue  is  obtained, 
which  on  being  moistened  and  warmed  with  sodium  hydrate  .tolution 
assumes  at  first  a  yellow  and  afterwards  a  deep  reddish  •yellow  colour. 
Schcrcr's  reaction  depends  upon  tbe  formation  of  nitrate  of  nitro- 
tyrosine  aH„(SO,)NO, .  HNO, 


rtrla-a 
aotUa. 


■  Ftaos  HofmeuUr.  'Zor  Kenatniw  itt  AnidoMann.'  Utift  JAhrttUrUtt, 
Tol.  vti.  \iftim,  pf».  79  mad  60.  The  urittltifti  p«var  sfipauvd  in  ttw  Sitiiptif.  Sm 
H'i>«.  Aluul-  (it)7T).  bat  Um  Mtthor  bu  )m«u  uukfale  to  eonralt  it. 

*  Beiah.  Qormitm,  •Beaetion  ■of  Lencin  und  Tjnun,'  Aim.  4.  Ckamtt,  tla 
ToL  uxxTiL,  p.  1X3. 
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Agpartic  acid:  C.H^O,. 

(^nurfo-jKceinic  acirf,  C,H.(NH,>(CO .  OHV) 

Aepartic  acid  waa  found  by  RitthauseD  and 
KniiiHler',  toother  with  glutamic  acid  and  leuciue, 
as  a  coustant  product,  ainoDgst  the  substaDccs  resulting  from  the 
decomposidoD  of  vegetable  albiiinitiouH  substances  when  these  are 
boiJ^l  with  dilute  ttulpLuric  acid. 

H.  Hiasiwetx  and  J.  Habermaan*.  in  their  firat  great  research  on 
the  products  of  decomposition  of  the  proteids,  shewed  that  a.spartic 
acid  likewise  results  from  the  splittiog-up  of  aatm»[  albuiniDous 
RubHtances,  under  the  iufluenco  of  bromlno.  From  100  parts  of  dry 
a^  albumin  they  ubtaiiivd  2!1'8  parta  of  UHpoflic  acid. 

In  their  second  investigation,  Hlosiwetz  and  Habermann*  em- 
ployed hydrochloric  acid  and  stannous  chloride  as  decomposing 
agenta^  and  a^oiin  uLtaincd  aspartic  acid  among  the  producUt. 

It  was  Uadziejewski  and  Salkowski'  who  firet  discovered  asnartio 
acid  amoD^t  the  products  of  the  paQcrcatic  digestion  of  hbrio. 
V.  Knieriem  afterwards  obtained  it  together  with  leucine  and  tyrosine 
amongst  the  products  of  the  pancreatic  digestion  of  the  gluten  of 
wheat*. 


MMliod      of 
mwratloD  aad 


Aspartic  acid  is  found  in  the  mother  Hquorn  from 
which  leuciue  and  tyrosine  have  crystallised  out.  Tbwe 
may  be  further  concentrated,  or  treated  with  n  little 
alcohol,  when  aft«r  some  time  n<;w  cr}'stAlliDc  cru«t3  will  sopaiatc. 
Thciic  should  be  dissolved  iu  water,  aud  the  solution  bcjiled  with 
freshly  precipitated  cupric  hydrate.  On  filtering,  the  blue  solution 
will  deixmit  the  Cu-compounu  of  aApartic  acid,  which  has  the  cumpo- 
silion  C.H  CuNOj  .  4^H,0 ;  this  btidy  occurs  in  light  blue  UGcdlesL 
It  should  be  diwwilreii  in  HCl.  and  dpcomposed  by  means  nf  H^S, 
when  white  cryi<tal]iii(3  platetetH  of  aspurlJc  acid  will  Re^Minite  out. 
The  cr)'Btallino  copper  composed  should  again  be  formed,  ihe  amount 
of  copper  determined,  and,  if  nowibte,  an  elementary  analysis  made. 
The  compound  of  aspartic  acid  with  copper  coutaius  SSDS  per  ceut. 
ofCu. 


>  H.  BitihkaMn  and  U.  Krratler, '  Verbreitiuig  Aa  AfpanMiJiii*itrc  nad  GluUnio- 
■lar  dan  ZonultiingK-producten  lUr  frouiioalofle,'  Jouni.  /.  irraii.  Cktm.  tii. 

1  cuni.^  SI  4. 

*  Hi  BU>i«vt>  lin^  J.  HAbcrmnnn.  '  Ueboi  die  Pmlein»loSr,'  AitnaUn  ifr  Ckfmte, 
V«L  ma.  (1»71).  pt-  10'    '*^'*- 

■  Khni-riTl  T  ftod  llAbonnoun,  '  Uobor  dio  Protvinrtoflc  II.'  AntiaUn  d,  Chtm.  <tt. 
T«l.  cuiK.  (1H79),  |>.  1&0. 

*  8.  Rtidsi«i«««in  snd  B.  ^alkowaki,  '  BildanR  von  Anwra^atara  b«j  dsr  Pknonas- 
VAtdaanng,'  Hrr.  rt.  d.  f^em.  lifttSUehafl.  Vol.  vi(.  p.  1A50. 

*  W.  r.  Knienem.  ' AiiparaelnoAnre  oin  Prodaot  der  kilnsllielim  Yfrdtnmm  voa 
KlabM  durdi  die  Pu)orua.prliM.'  XtitKhrift/.  OiotoiHt.  Vol  ».  (lOTfi),  198. 


GLUTAMIC   ACID. 


Physical  and  Chemical  Properties. 
Aspartic  eicid  cryat&Uisee  in  siuaJl  nhite  plates, 
BolablUtf. 


[book  a 


It   is   soluble    with   difficulty    in   coM    water   ud 
insniublo  Id  alcohol 

Botatocy  Its  aqueous  Bolution  is  kevo-rotatory ;  ita  stjvaaij 

pomr.  add  solutioos  are  dextro-rotatory  and  its  alkaline  solii* 
tloDB  are  licvo-rotatory  (Pasteur,  Ritthaiiscn}'.  A  nitric  acid  solutioa 
of  aapartic  acid  has  a  specific  rotuiiuu  {a)o=  +  25°  10  (Landnlt).  In- 
active nspartic  ncid  ii;  obtained  wheo  the  normal  acid  in  heated  u 
irO"— 180'  with  hydrochloric  acid  (A.  Michael  and  J.  Wing)'. 


Glutamic  add  C,H,NO.. 
{Amifto.pyroturtanc  acid  C,H,(NH,)(COOH),.) 

oocuiTwux.  Olutamic  acid,  as  has  been  already  said,  was  foimd 

by  Hitlhaiijscn  and  Kreiisler  amoogst  the  products  of  thv  deoan> 
position  v(  vegetable  albumiuous  aubatanccs.  Kreusler'  hariM 
fiulcd  to  obtain  it  by  th«  dc'coiupusition  of  pruleida  of  saimal  oruHH 
advanced  the  view  that  it  vas  one  of  the  products  which  distinguiwH 
them  from  the  kiudnKi  bodicit  of  the  %'egvtable  kiugdom.  Hlamwea 
and  HabemlanD^  however,  shewed,  first  of  all  in  the  case  of  cum 
and  then  in  that  of  other  animal  proteids.  that  when  decompoMd  bf 
meanit  of  stanuouK  chloride  and  hydrochloric  acid,  glutamic  acid  u 
formed.  From  caaeiu  they  obtained  by  their  method  29  pvr  cvul  of 
ghitaiuic  acid. 

Ity  thu  deoomnoidtioii  of  "  reticulin."  the  new  phosphoruB-cOD* 
toining  proteid,  waicb  he  has  found  to  be  distinctive  of  adenoid 
tiiHiK-.  Siegfried  has  obtained  a  small  quantity  of  ghiteiuic  acid*. 

MtUiod     of  The  rvader  is  referred  for  iletailed  ittfortuatioD  as  to 

r!'^*'*!',  "*  the  methods  of  separating  glutamic  acid  from  tb» 
other  amido-acids  which  always  accompauv  it,  to  the 
alreadv  quoted  memoirs  of  Hlasiwetz  and  Habemiann,  KittiiausM, 
aiid  Sieglried.  Hither  the  apaiingly  soluble  compound,  which,  like 
the  othi>r  ainiilo-acid»,  glutainie  acid  forms  with  copper  nin»t  \» 
neparat«d.  purified,  and  dt.-cijm]xiM>d.  or  advantage  mny  be  taken  of 
the  Kparing  solubiliiy  of  th)?  bydnjcblohc  acid  compoun<U  of  glutamic 
acid  iQ  stroug   UOI.     With   this  object,  the   ooucentrated    uotlier 


Mhwdf,  1870.   sm  B.  las. 

*  K.  Ui«liMl   and  J.  Wing.   Brrieku  d.   dtuUtk.  ekem,   QeMlttcktift,  ToL  ns. 

"  KTvador,  JiMr*.  f.  prakL  Ckfmtt,  Vol.  crn.  p.  2*0. 

*  ilUainta   and   Rabonunn.  ■  Dcber  die  Protetoatotl  IL'  Atm.  d.  CkmmU,  de. 
Tol.  CI.UL  p.  ISO. 

*  Dr  Mm  aJeOmi.  -Ihbm  dw  fThwnhAM  I^—Jalhn  dot  Brtiaaliii»Bfl»Htii' 
aMIiutiMueArifi,  ittiptit.  Dm.  UBS. 


CBAP.  m.] 

liquor  in  wliich  the  actd  is  suspected  to  exist  is  saturated  with 
ffaseous  HCF,  at  the  tempenvture  of  0''  0.  and  is  plticod  in  a  trecziag 
mixture  for  sonne  bours.  The  HOI-salt  cryatallisea  in  the  form  of 
large  triclinic  tables  and  prieciB,  which  have  the  composition 
0,n,NO, +  HC1,  which  are  very  spa ringi%' soluble  in  cold  HCI.  and 
very  sohible  in  water.  To  obtain  gliitnn>K!  acid  from  thifi  cumpound, 
the  latter  is  dissolved  in  hot  wuler.  and  to  the  hoihng  solution 
freshly  precipitated  moist  silver  oxide  is  added  ns  long  as  a  precipi- 
taie  uf  chloride  of  silver  sL-paratod.  The  tiltr&te  from  the  precipiute 
i«  tr^'ft.ted  with  H,S.  decolouriaed,  conceutpatcd,  and  set  nsido  for 
some  daj  s  to  crystallise '. 


\ 


I 


Phtfgical  and  Chemical  I'rcpertieit. 

Glutamic  ucid  crystallises  iti  the  form  of  small  plates  or  of 
rhombic  letrahedra  or  octahedra.  It  is  insoluble  in  alcohol  or  ether, 
and  is  sparingly  soluble  in  rold  water  (at  16"  C,  1  part  is  soluble  in 
100  parts  of  water).  Its  melting  point  is  135' — 140°.  Even  dilute 
solations  reduce  Kehling's  solution. 


Aqueous  and  acid  solutioDS  of  glutamic  add  an 
dextro-rotatory.  In  the  case  of  a  dilute  hydrochloric 
acid  solution  conlniuing  1>1)  grammes  of  HCI,  and  5  grammes  of 
glutamic  acid  in  100  CO.,  the  specific  rotatory  power  (a)i,=  +  31'l 
toSl-6(Schul£eand  BorahiLrd). 

In  the  case  of  glutamic  acid,  as  in  that  of  leucine,  Sclmltzv  and 
BoKshanl  found  that  the  dextnigyrous  body,  by  long  heating  with 
barium  hydrate  at  150" — KiO",  yiuUled  an  inactive  body  of  the  same 
compoirition.  Here,  again,  by  sewing  PenieiUium  i^luucHm  in  an 
appropriate  nutrient  sterilined  medium  tu  which  the  inactive 
body  nad  been  added,  tliey  succeeded  in  obtaining  an  opticnlly 
active  amido-acid.  which,  however,  instead  of  being  dextrogyrous, 
as  the  nonnal  acid,  is  liprogj'rous.  Under  the  conditionH  of  acidity 
uid  temperature  previously  referred  to,  lite  iKvorotutury  power  of 
this  glutamic  arid  («>„  =  -'33-3  t4)-33-2. 

The  slight  difference  between  the  rotation  of  the  plan  of  polariH- 
tion  of  tho  dc'Xtro-  and  the  laevo-gyroiis  bodies  depends  doublliMS 
upon  slight  and  unavoidable  impurities. 

The  Cu-compou»d  of  jrlulamic  acid  ohialuod  by  boiling  it  with 
^shly  precipitated  Cu(OH),  separates  in  the  form  of  prisma,  baviog 
the  colour  of  lajnx  tandi,  and  the  com|Ki8ition  C,H,NO,Ou  +2JH,0 
(Ritthausen,  Fmns  Hofmeister).  This  salt  is  soluble  in  about  3400 
parte  of  cold  and  4flO  parts  of  boiling  water. 


>  Kftrl  B.  HnfmnnD,  J^hrbtich  drr  Xoonhfutit,  WioD,  1B70,  pp.  6S5 — 687. 
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Sect.  11.    Bases  besultixo  from  tbe  DECovpostnoir  or 

AUUMIKOUS  SUBSTAKCES  BT  TRYPKUf. 
{Li/aiae,  Lysatine  or  Lysatinine  and  Ammonia.) 


tBtrMootloa. 


1.    Lysine  C,H,^N,0,. 

Commonttag  upoD  tfae  nwilu  wbicb  had  bees  ob- 
tained by  Hlasiweu  aud  Habermami,  on  the  ooe  hsai 
by  the  action  of  stannong  chloride  and  hydrochloric  acid  ou  the  kIIm- 
minouK  substanceii,  and  by  Sch iitzenberger,  oa  the  other,  wha  effected 
the  decomposition  »i  the  eume  bodies  Dy  Ba(OH)  ,  Drechsel  atgnul 
that  both  proces8c-J!  had  this  iu  common,  that  they  led  to  the  prodac* 
tiou  of  amido-acidti  aiiU  of  oinmuuia,  whilst  they  differed  raateriall; 
Iu  that,  under  the  iuflueuce  of  cauxtlc  ban'ta,  carbonic,  oxalic,  and 
acetic  acids  were  formed,  whereas  thc&t:  bodies  did  not  occur  wlua 
stannous  chloride  and  In-druchloric  acid  vfTectird  the  J ecompusitioo'. 

Hiasiweu  and  Habennann  bad  by  their  method  obtained  leadM. 
tTrosinc,  glutamic  acid  uod  ammoaia,  as  products  of  tho  dcoompo- 
sition  of  cuteiu,  aud,  in  addition,  a  small  quaulitjr  of  mother  liqu«r, 
from  wbicb  no  other  crj'stallinc  bodios  separated.  Horb«cz«w8U  bjr 
the  same  method  bad,  bv  the  decompOHition  of  bom,  obtained  16  ta 
18  per  cent  of  the  UCl  compound  of  glutamic  acid,  three  to  Bn 
per  ceoi  of  tTTosiae,  16  per  cent,  of  leucine  and  very  small  quanti- 
ties of  asparUc  acid.  If  we  as&Qme,  argued  Drechser,  that  in  thoe 
researches  only  one-half  of  the  substances  actually  obtaiDed  could  W 
separated  in  a  cr>-&talline  form,  even  then  about  SO  per  cent,  of  the 
original  albuminous,  or  albuminoid,  matter  acted  upoa  would  be  left 
unacoouDted  for,  and  this  deceit  far  exceode  the  amount  which  could 
be  covered  by  the  ammonia  formed  in  the  reaction :  seeing  that  all 
the  products  of  decomposition  coutaioed  nitrogcD,  and  the  amoDCt 
of  this  element  in  a  proteid  only  amounts  to  16  or  17  per  cent. 

Reasoning  in  this  luatmcr,  Drbch^el  commenced  an  inveatigatioii 
of  which  the  object  was  to  discover  some,  at  least,  of  the  prodiwn 
resulting  from  the  sptitting-up  of  the  albuminous  molecule  wf 
bad  escaped  previuux  observent,  aud,  iu  the  tirst  instance,  be  dii 
bis  attention  to  bases  which  might  presumably  be  present  in  ibe 
mother  liquors  of  the  hydrochloric  acid  and  stannous  ohtoride  prooeK 
Tlie   investigations  which  he  was  led  U>  conduct    in    person*  and 

'  Drechflel  la  the  article  '  Biwebtkarpcr '  la  lMAMAKa%'a  BaitdwOrUrtmck  iv 
C)i<nit.  Vol,  ui.  p.  MS. 

>  HrKkwl,  -  IVr  AbUu  drr  £itt«i»«lo0e.'     Du  Bow' JkMb,  1891.Me  p.  AM,  '■tm 
EuiJDtntc  dcr  SpiU  tang*  prod  acts  dea  CftMJns.* 

*  E.  UfbcIhuI.  "Uulier  uiii  KpaltuDgvprodnet  dea  CueLni,"   Brr.    i.    K.  SklU. 
GnriUthafl  drr  WuiemeliafUji.    Sits  un  L  Au«.  1870.    "  Ztu  SrnntniBi  der  S| 
proitnct*  dm  Ciiwina."  Da  Boi>'  .^rrhir,  1891.  pp.  3M — 960.    *  Ucber  dia  BiU 
HiunMaff  unit  Eiwciat,'  Ibid,  pp.  HI — i66,  And  Ber.  i.  ieuttck.  ehemi.  OrmtOtolC^ 
KXOL.p.  8096. 


Of       phoaptiO' 
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throuah  bis  pupils  EmBt  Fiscbcr',  Max  Siegfried',  T.  G.  Hcdin*  and 
T.  It,  Kriiger',  nave  Itrd  to  results  of  tht  deepest  interest  which  have 
already  thrown  jrreat  light  vn  the  important  question  of  tho  orig-in  of 
a  part  of  the  urea  formed  in  the  organism. 

Pure  cutcin  vrnn  th-i  Iwdj-  first  inveatigattd  by  DittchHcl,  mk!  he  kiiV 
joct«d  it  to  dccompoHitioo  bj  thu  method  ttiuployctl  by  UlaKiwctz  and 
llal>eriiiaiin,  ndding  however  to  the  ooateiitH  of  the  Q»ak  metallic  zhic,  no 
AS  tn  Iciytp  up  a  conntAnt  ovoliitioD  of  hydrogeu,  the  njiparutus  bving 
i^cd  at)  as  to  cx'cludv  ittmaHiiherio  oxygcu, 

Wlitfti  ihe  d^'Oinposition  of  the  proteid»  bud  be«u 
c<>m|tli6t«d,  the  vonteiitn  of  tlie  flimk  were  somewhat  diluted 
mid  frto'd  truiii  tin  l>y  the  nctioii  of  H,>^.  Htiving  faeeu 
pvAporatt'd  to  tho  orl|^al  volume,  the  hot  Holution  W4S 
trp«t«l  witli  A  hot  nikttiriited  Milution  of  uryKUUiM'd  phos- 
photuQgBlic  acid*.  Thin  rvRgvDt  [iniduccH  n  prrcijntittv  iu  which  all  the 
baaea  are  oontHined,  whilst  tho  filtntCe  coiitains  all  the  amido  acida. 

Th«  ]>m;t[iitat«  waa  ihtui  waahcd  with  wat«r  coiitaiiiiiig  Hw.  |)or  cent. 
of  salphuric  add  aud  au  *s\ukI  quantity  of  pho>t|iliotiiii;if^lic  iicid,  uotil  all 
trao9H  of  oMorine  had  dtsa|)|ieared  ;  it  was  thon  itu8|Kmd(<d  in  boiling  water 
Mid  deooiuiKMcd  by  the  adtUtiou  of  a  uli^fbt  exce&a  of  buryta  wattir.  The 
fluid  having  hwxi  lniiK-d,  to  ex)H-l  nmininiiia,  wait  tlieu  51c<!i-n],  aud  from  the 
filtralu  the  excvss  of  luinnru  [>n-etpitnti'd  exactly  by  sulphuric  add.  The 
fillcale  from  the  barium  sulphate  precipitate  was  tlifa  satui'ated  witli  HOI 
and  anicniitraU-d  on  the  water  huth.  Tht-  blitck  syrup  thux  DhtuiniHl  whvn 
ptacpd  over  euLpliuric  acid  f;raduai]y  lieciimu  couvertiKl  into  a  cryatallino 
niaaa.  Uy  tr«atiiig  this  with  spirita  oE  wtiie,  fruu)  the  already  altiiost 
tKtlidified  syrup  a  bi-autifully  (.rynlallinv  liyilroi'hli>nLt«  wna  ohtjiincd,  vhich 
was  Tuuiid  to  ho  rtiuhiy  Holublv  in  watir,  but  inttoluhlv  in  absolute  alcohol. 
This  proved  lo  be  the  liydrochloratc  of  the  now  base  lysine,  UU,N,0,. 
In  tlie  mother  liiinnr  tiin  hydrochhjrate  of  lyaatiiiirio  is  uunlninvd.  In 
HibwHjuent  riMiian^heit  tlitt  lathr  pHrl  of  ibo  pn)OPKs  was  (toinewhat  modi- 
fied. Thus  the  synipy  liquid  containing  the  h  yd  roe  hi  orate  of  lyaine  wo* 
diwtolvnd  in  50  per  a;nU  alcohol,  and  treated  with  alooholio  solution  of 
platinum  cldoride.  Thin  rpH^nt  pr>«;iptint4'd,  in  tlie  first  luHtance,  aoma 
potaAsiuDt  platinochloridc.  Aft^r  scfutration  of  tho  latter,  the  further 
addiliou  of  alcohol  caused  the  separation  of  a  |)lati»ochlnHdv,  vrhivh  afMr 
b«ing  crystallised  repeatedly,  prennted  th«  ap|)«arH[Lce  uf  h<!auliful  yi-llow 

'  Emat  Fiaoher.  *  L'dwr  ucue  K]Niltuag«prodacte  dea  Leiinea,'  Du  Baia'  Archiv, 

*  I>r  Uas  8i<;ftfrivd,  'Zai  KuantniaH  dcr  Spnllungsptoduate  dcr  ElwviMliAipor,' 
Str.  d.  d*iiUehtn  ehemiiL-lien  UeitlUehaft.  Vol.  xjuv.  p.  418.  and  Da  Boi»'  Arekiv, 
IMI.  pp.  ff7a— 373. 

■  Dr  a.  (i.  HetltQ,  'Ymt  KmntnUt  dcr  Product*  dor  tryptiMhvn  VsnJauunit  dea 
Pibrinp,'  Du  Bow"  Arrhiv,  IfJl,  pp.  HS— 27a 

'  B.  Drvdiwl  nad  Th.  It.  KraKrr.  -  Z\ir  Kcnntniw  iIch  Lyaini,'  hrr.  d.  deutth. 
eJWnJMh.  GwaMtutft.  Vol.  iiv.  (ItfS-J),  p,  MU. 

'  TUtm^gtat  baillfMu  Ivmt  cinpluyMM  fe  gnuai  nreaipitaBt  of  v«f{otaU«  hum, 
batag  known  a*  ■  S«hflibl«T')  ii.-a,x>)Dt ' ;  it  bad  bmn  nMd  by  KKmar  (PBaeeHs  Arvhi*, 
Vol.  It.  p.  496)  a«  a  precipitant  of  or««tinin4<,  and  haA  bven  einploT*d  by  D?  Prans 
HofBietRtet  for  tbc  Mparation  of  kynnric  arid  from  tha  orioe  m  dosB :  Ibis  author 
■hcwMl  thut  beiiili^  rri'Atiniiu'.  it  pn«ipiutU<i  laalhiue  [V.  HottB^iMtiet.  ■  UobM  dia 
durch  PbuHpliurwiilfniniitauro  tiililiarun  tiubatuusen  dea  Uarui,'  ZtitKtiT.  f.  phi/i, 
Chrm.,  VoL  i.  (laoi).  pp.67— 7«). 
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needlM,  and  which  had  the  compaaitiQD,  C;.HmN/>.H4^C3«4-C3cOH. 

The  iDOth«r  liquid  MnUiiu  tb«  pUdnocblnrid^  nf  lybitinine,  to  b«  kllv 
wards  dwcribeO,  Krviti  thi«  nit  the  pUttuum  can  be  Auparatml  hy  ud- 
pltureti^x]  liyilnig^ii,  aud  a  crrstxlliae  hydirxrhlotats  obtained.  By  boJliiig 
th«  UiUT  with  freshly  jn-ecipiuted  Pb('oH)i,  the  baw  is  wt  free;  it  hu 
not  b«wcver  bee-u  obtaiuwi  in  a  cry>ttdlia«  conditiou. 

Another  method  of  sepiraUag  lysine,  by  taking  adrantB^  of  tk 
forraatiDD  of  a  wry  sparingly  solnbln  silver  coni]ioand  vill  be  deKfibed 
ondor  lyaatiDine. 

oouututttta  Lyain,  C«H,4N,0y  has  the  composition  of  ft  diunido- 

■M  oMBponiuu  caproic  acid  and  U  a  bomulogae  of  dian)iilu<valenaMc 
ormtn*.  acid,  which,  as  has  already  been  stated  ^p.  244),  i«  pre- 

stimablr  identical  with  Jaflr's  urnitliio.  Lysine  TonnB  two  compoundi 
with  HCt,  having  re8pectiv«ly  the  compoaition  C^uN,Os.HClu4 
CH.,N.O, .  SHCK 

It    is   optically   active  (dextrogyroos)  but  whon   heated   to  ISO* 
with  baryta  water,  although  it  is  not  decomp>:«<ed,  it  yields  an  opti- 
cally iuactive  isomer,  thp  platinochloridt-  ..f  which  cry^iAllise^  with 
out  either  nat^^r  ur  alcohol  uf  crystoIlisaUou   aud  has  the  fonaak 
CH«NA .  H^iCl,  (Siegfried)*. 

2.     Lysatinine,  C.H„N,0  (or  LymOirte  C.H^N.O.  n. 

In  deacribi]^  the  methods  of  fteparating  lysioe  we  h&vt*  statai 
tbat  one  of  these  cou&i^ed  in  the  formatioo  of  the  plafeiaochkride 
of  th«  base,  which  cuuld  be  obtained  in  the  foim  of  beaucifiil  D«e(ilt- 
shaped  crystals.  lu  the  mother  Uquots  from  which  Ijatoe  platiw- 
chloride  was  separated.  Drech.'iel  discovered  a  socood  bsoe,  to  whkb 
he  sftTe  tbe  name  of  lysatine  or  lysatiniDe. 

The  interest  which  Chi»  hose  poaaeMes  in  r«latioo  to  tbe  fomiaOoa 
of  nica  ID  the  organism  is  •  Boffid^t  raaon  for   tbe   somewhat 
lengtheued  treauneoi  of  Drpchsel's  rowaitliea  on  tbe  baaea  wM^ 
result  from  the  decompo«itioD  of  the  pn»<«id  molecule.  ^^| 

In  dcMcribiui;  the  [wvparation  of  lysine  bj  convvrtiogH 
into  a  platiuochloridc,  it  was  meatioocd  ttwt  the  taotlKr 
liquor  couiaiiu  the  [ilatinocblarideof a aecaad  haae,  InattiUBCL 
In  nnlor  to  obtain  it,  tius  ntother  liqnor  is  eanaidMablT  dilated  viA 
wtXrt  and,  by  dirtilUtJoo  in  vacno,  frc«d  fruiB  aleo^al  and  etbcr.  Tnm 
the  iMpcoaa  solotion  whidi  remaina,  tbe  platinan  is  srpatvtMl  by  neat 
of  H,K.  and  Uie  filintte  beaied  on  tlw  wator  bmih,  to  dHw  off*  tn>«  IIC^ 
tbaa  CQBCiBtnted  to  synpy  «oBaimn«e.  TUa  syrap  ia  liibned  with  witw 
and  a  BBMBsnliatwi  aolntiaa  of  wArtr  oitntte  aiUed,  drop  by  drop,  fiva  a 
barstte^  ■>  as  to  free  it  exactly  oC  cUdritw.  T^  filtrate  aad  waiUn^  htm 
Um  prseipitatcd  lilrer  cbloride  ara  then  ajaia  eo»c«int>«ted  to  vrw^ 
iiiaiiiyUsMii  and  tcwiad  witb  tbe  mme  volnaB  of  «hriGt  uiumte  KihitHa  « 
waa  prmoaaly  aaspbiyed  ta  pndpiiats  the  eUoria*.    On  aow  addii^  t> 

*  K.  Xkm^mA  a^  J.  B.  Ei%v.  -Mm  T in  4t»  Lf«a.'  Bm:  4.  D$^A 

Clum.  fliwIfcrUA.  Vet.  uv.  p.  SU5. 

■  "  liO'il  --I    fi  niiliii  III  ITiitiiiMiiili  I    III  tiii^fcniiM.-M  a 
TW  ifuMg  tetatten  <*  tkla  to^r  tea  i«t  la  b*  JiiwinJa   I  (Ma;,  isat). 
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tikis  mixtnni  Bvs  or  six  vaIiiaim  of  alcohol  uid  Mtnie  «tlirr  it  bocoinc*  v(>ry 
turbid,  and  KabBetiiiCDlly,  a»  the  turbidity  diaappcara,  a  chick  oil  Ealla  to  the 
bottom  i»f  the  vwidnl  in  whieh  the  pi-ecii'iiation  is  (?f!toted.  The  clear 
inAthiT  liifiior  IN  now  jioitntd  off  mid  fp-vluHliy  tmttrd  with  i^lhi-r  in  tuniill 
quatttiuca,  until  a  aopatutioQ  of  crystitU,  which  &dhcrc  to  the  walb  of  tho 
vaMcl,  ixtmiDenoeci :  iit  this  ntngti  a  larg*!  uxcpsh  of  ether  is  added  and  tho 
oiixttira  Net  futldn  for  thn  nif^ht  in  a  cool  place.  The  foUowiitg  day  miow. 
white  needles  and  Sakos  arc  found  to  baw  Bcpumbc^l,  which  nrv  rccrys- 
tallised  rrom  a  small  quantity  of  water,  to  which  alcohol  and  ether  ura 
added,  and  are  thus  obtained  perfectly  purs', 

Fronj  the  precipitate  whioh  pboiiphotungBtif  acid  pro- 
duces whi-n  iMJdvd  tw  thu  iiroducUt  of  ducompoxition  of  tho 
I)rotFidii,  lyiiino  and  lyttntininc  may  W  n.-.ndily  sopantvd. 
The  precipitate  hnving  been  freed  from  ohlorine,  it  is  dia- 
ifolved  (almott  QompI«t«]y)  in  1>oiliti^  witt«r  »nd  d«voiiip<>o(.>d 
by  mvans  of  the  aiuatlcal  p'Msiblc  cxci-ns  of  Ba(UH)r  Thn 
filtrate  from  the  barium  pr«cipit!kli>  is  saturated  with  CO„ 
boUed  fur  luilf-nn-hour,  tilt^rvd  and,  when  culd,  trvuted  with 
•olatiun  of  nilvcr  nitrate,  ho  long  tin  u  pircipitatn  falbt.  The  voluminoui 
procipitHto  is  sepuratod  and  thornii{t;hly  wuahed  with  water. 

"ne  filtrate  from  the  silver  precipitate  ia  (>onoentmted  to  the  conaiBtenee 
of  a  thin  syrup  nnd  then,  little  by  little,  traatcd  with  nniall  qimnlitics  of 
abflohit«  alcohol,  which  vautww  a  souvwhat  dense  pmoipitate,  which  auiiniva 
U)  obscurely  crystalline  form  and  which  oontaitiB  lysine.  (FVom  thin  pro- 
ttpitate  tile  plutinoi'hloride  nf  lytiinc  may  be  obtuiiit^d,  in  a  pure?  cnndition, 
by  decomixtsing  by  means  of  H^S,  concentrating  the  liltmlo,  trenting  with 
PtCT,  then  with  alcohoJ  and  other  in.  tli*  manner  d.rwribirtd  *t  p.  25.S.J 

The  liltratv  from  which  thu  Binoary  oompoiuiid  of  lysiiio  njid  ailvcr  has 
lM!{Mrate^  through  the  gradual  addition  of  alcohol,  ia  still  further  treated 
with  alcohol,  when  tlio  tine  crystalline  compound  of  lyaatinine  and  silver 
tiiti-at*'  ia  ubtainvd,  exttctly  um  descriWd  prcviouoly. 

Compoiiiion  "^'he  aaaly«i»  of  the  sdlver  compoim^i  leads  to  the 

or    the   <u»«r  fornmk  C,H„N  O, .  HONO,+ AgO  .  NO,,  from  wliich 

compoand     M  however  probably  is  to  be  Bubtmct«d  a  molecule  of 

lysatiains.  ^^^^^  ^p  crystaUiiMiUou. 

From  the  empiricnl  formula  derived  from  the  anoljnv 
of  the-  previiiusly  describeil  compound,  lysabiDine  is  seen 
io  have  the  (mniposition  of  n  creatine  or  n  creatinine, 
according  an  we  assume  that  one  molL-ciilv  of  water  is  or  U  not  water  of 
crystallisation,  lie  coiniKisitiun  in  the  latter  case  would  b«  expressed 
by  the  fuimuta  C,H  ,N,Qh  which  is  aiao  the  empirical  formula  of 
creatiae,  C.H^^,X,0,;  in  that  ease  we  should  term  it  Ij/satin^. 

CrcfttiDO    ...  C4H,N,0^ 
Lysatine     ...  C.H,XOi- 

'  Tb«  detail*  of  Ihs  p«<OM  ar«  talt«n  from  Emit  Fiuliw'*  Tiaper,  '  tl«b*r  iMiut 
Bpaltangtproduote  it*  L^mta.'  Extraat  hmm  * Inattj[iiral  ItinMrt.,'  Laiptift  IMK).  lo 
l>rMlu«l'i  nMtnolr,  "  Her  .^bfaaa  iler  Eiwvirastoffe.' 

■  Siagtricd.  ■  Znr  Canniuiis  iter  SiialtDnKHprodiicla  der  EiwiiMkiirper.*  sm  do1«  S, 

p.aM. 
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UkioiMtuu  We  naw  come  Co  the  deeply  interesting,  oeotnl 

■naomtinlDe,    fjj^^  resntting  from  Div-chscl's  rescftrchea. 

^^wa'witi  ■'''  ^'■^  ''^'^?  ***■*"  *'^^  obJL-ct  of  the  eudeavouraif 

the  rormaaon  pbyfiiolcgical  Chemists  to  obtain  urea  directly  hy  tb» 
oiursL  ilccompositiou  of  attiuminouK  HiibKtatKt^x.     The  French 

chemist  B^cbainp  believod,  iuileed,  that  by  the  oxidising  action  d 
poTaiteium  permanganate  he  hail  Hucceeded  in  obtamiDf;  iirl 
Stiwli-'ler  and  O.  Lohr,  ou  repeating  the  experiments  of  B^ehuift 
failed  to  coafirm  ht9  diiMxivery.  In  spite  of  the  assevcnktions  uf 
Ritter  iu  anppnrt  of  the  nccnrary  of  Ut^champ's  aasertion,  TappuMr 
on  Rotng  over  the  same  grouud  obtained  the  saniu  resanB  m 
StaJeler  and  0.  Lohr.  The  probable  source  of  error  has  bcM 
explained  by  F.  Lorscb,  who  ha^  found  that  atnder  the  oondHiooBtf 
B^hatnp*H  ux  peri  incut,  with  some  tuodihimliutis,  gtianidin  is  fonnid. 
this  substance  having  probably  been  mistaken  for  urea  by  B^bampV 

By  a  process  not  uf  oxidation,  but  of  deeompoi^itinn,  in  vhitk 
proboibly,  eecondary  products  of  decont position  are  less  likely  to  viw 
thun  by  any  other,  we  have  seen  that  Drechsol  has  obtaioed  (&( 
haac  lysatiuine,  which  has  an  empirical  formula  homoln^mn  to  tint 
of  cr«Atine  or  creatinine.  As  creatine  when  boiled  mtb  baijti 
water  eplits  into  s&rcosin  and  urua,  it  occurred  to  Drechsel  tliai 
his  new  base,  lysatiuiue,  would  iu  all  probability  be  eifnilariy 
d«compoecd  and  furnish  urea  as  a  product  KsperimeDt  at  onot 
vcrifiea  the  auticipatiou.  From  10  grammes  of  the  douUe  alt 
of  lysatiniQe  and  nitrate  of  oilver,  by  boiling  (aft'Or  previous  sep- 
ratiou  of  the  iiiCver)  for  25  niiuntee  with  excess  of  baryta  wttet. 
he  obtained  1  gramme  of  pure  urea  nitrate,  from  which  hu  isoUluJ 
nrea,  which  he  identified  by  a  eompariauu  of  physical  and  ehetnioiJ 
properties  and  by  a  nilrogcn  determination.  Thus  it  haa  ben 
possible  to  prove  that  by  processes  of  simple  decoiu position,  is 
which  oxidation  ia  absolutely  excluded,  urea  can  be  derived  directlj 
from  the  albuminoua  substances.  The  whole  beariuc'  of  thetu?  du- 
coverioe  will  be  discussed  in  the  third  volume  of  this  wwrit  i& 
coimet-'tion  with  the  general  question  of  the  mode  of  formation  d 
urea  in  the  body.  It  may  here  be  stated,  however,  that  DrEchsJ 
is  far  from  believing  thii.1  the  whole  or  the  major  paix  of  the 
formed  in  tlie  organism  is  duo  to  the  decomposition  of  lysat 
On  the  contrary',  he  is  of  opinion  that  presumably  only  about 
ninth  of  the  urea  extracted  is  thus  derived. 

Reference  has  been  made  to  ^ecoudarv.  as  distin^iisbed  frw 
primary,  prodiict»  of  the  decompoBition  of  protc-ide ;  the  distiootiai 
will  he  eaiiily  made  plain.  Tlie  carbonic,  oxalic,  and  acetic  atiit 
which  were  obtained  when  proteids  were  decomposed  by  long  hefttiv 
with  Ba(OH),  at  high  temperatures,  and  widen  were  not  obtaina 
by  the  non-oxidising  action  of  Sn  CI,  and  HCl,  are  examples  o( 
secondary  products. 

>  The  leleteaett  to  thr^  original  pA]icrj  vill  be  fonsd  in  Di««lt««I'«  memoir,  'Dtht 
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When  lysine  w  heated  with  Ba(OH),  at  150'— 160'  it  w  not  split 
up,  and  can  be  again  recovered  (Siegfried).  When,  however,  lysati- 
ninc  is  subjected  to  the  same  process,  it  is  split  up  and  bariam 
carbonate  is  fomied.  Thus  is  cxplaJDed  tbe  origin  (at  least  in  p»rt) 
of  tlie  CO,  which  is  one  of  the  prodiicts  of  SchUtzonberger's  procew, 
aud  which  is  to  be  loukcd  upon  aa  a.  sccundarir  proJuct. 

Drechsel  assumes  that  I  moIe«ule  of  lysatinine,  when  deoonipowd 
with  caustic  barj-tn,  yiflds  I  molcciilt'  »f  urea,  which  by  further 
oxidation  will  yield  1  molecule  of  CO,  From  100  pai*tti  of  dry 
albumin  treated  by  bis  baryta  method,  SchiitJienberger  obtained  a 
maximum  (luantity  of  12'5  parts  of  BnCO,,  which  corresponda  to 
279  parts  of  00,  These  279  parts  of  CO^  on  the  assumption  stated 
above,  mny  have  their  origin  in  8*9.>  par1«  of  lysatinine,  or  3*S  parts 
of  urea  springing  from  the  decomposition  uf  tliie  boJy,  reftpeouvely. 
Thus  from  100  parts  of  dry  proteid  matter  tliorc  probably  are 
derived  in  the  orga.nism  38  partH  of  urea,  by  procesaea  purely  of 
decompoettinn.  But  huw  can  the  relation  between  Lhe  urea  formed 
in  this  way  to  tbe  total  anionnt  of  nrea  fornted  by  tho  decomposition 
of  tbe  organism  be  calculntod  t  100  parts  of  albuminoua  matter,  in 
round  numbers,  contaiu  16  per  cent,  of  nitrogen,  which  is  almost 
entirely  excreted  as  urea,  Tiie  16  per  cent,  of  N  correspond  to 
343  part*  of  urea.  If  wu  now  coiupuie  the  amount  of  urea  which 
can  be  derived  from  lytiatiniue  directly  split  off  from  the  proteids, 
witb  tbe  total  amount  of  urea  which  the  proteid  can  furuish  in  the 
«eoDOiny,  we  nrrive  at  tlie  result  tbat  the  propurtiim  of  the 
former  to  the  Utter  is  as  I  :  9  (3-»  :  34'3  ::  1  :  902). 

How  tho  other  nino>tcnth8  probably  arise  will  be  matter  for 
di^u«sion  in  tho  sequel 

ir^^e  ^  ^^^  experiments  of  Dreohsel,  Fischer,  and  Siegfried 

toAi  prwiurti  ^^'^  sbewu  that  under  the  HCl  and  SnCI,  procetis,  the 
of  dievsUonbr  two  biutea  which  wv  have  been  considering  are  formed, 
urvin-  howtvcr  varying  tho  nature  of  tbe  albuminous  body. 

Thus  DrechBel  discovered  lysine  and  lyiiatiuine  tn  tho  proiiuota  of  tbe 
decomposition  of  casein.  His  pupil,  Fijicher,  Htiparat«d  themt  baaes 
by  following  the  same  procutwt  with  gelatin ;  aud  Dr  Max  Siegfried 
obtained  the  same  results,  working  with  coiiglatin,  ghiteu-hbrin, 
hemiprotein,  Maly's  oxypr*»tnsul phonic  acid  and  egg-albumin. 

That  the  ilfcompuaitiun  of  proteids  proceeds  as  haa  been  atstedt 
when  thi!y  are  subjecUK]  to  the  aclioo  of  reageutc  which  are  capable 
of  splitting  thmn  up,  will  appear  to  8om«  to  afford  uo  sumciont 
ground  for  asjtuming  that  the  same  process  is  likely  to  occur  iu  the 
animal  economy  and,  until  this  is  proved,  the  arguments  which  have 
been  developeii  will  sevm  to  the^e  objectors  to  be  fiuiciful  and  of 
iittld  value.  But  direct  expeiiment  is  no  longer  wanting  to  prove 
that  lysine  and  lyBatinine  are  formed  under  ctmditionH  which  iieces- 
ily  must  lead  to  their  production  in  tbe  alimentary  canal. 

II  S.  Q.  Uediu,  working  under   Drechsel.  separated   from  tbe 
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proilucte  of  the  paocreatic  diee«tioD  of  3000  grammee  of  mot«t  6bno. 
28  grammes  of  the  chemically  pure  plfttinochloride  of  Ivsinp.  liesi<l« 
enough  of  thu  silver  compouuJ  of  l}*ittttituue  tu  establish  iu  identitj. 
Fuitber,  from  1^0  j^rammes  of  Kiilme's  dry  pancreas,  Hedin  obtauvd 
07  grammes  of  tbc  pure  platincicbluridc  of  l^ini^,  which  eubW 
the  identity  of  tlie  body  to  be  tietennuied  by  eletneDtary  aoiljai. 
and  doubtless  ly&atinia  was  also  present'. 


Ammonia :   NH^ 

When  albniniuous  subsU'iiices  are  split  up  by  the  acdoo  of 
Ba(0 H),  ttt  high  temperatures (.SoliUtzetibergcr's  process)  productam 
obtained  of  which  some,  such  as  leucine,  tyrosine  and  aspartlc  xcid, 
are  probably  primary,  i.e.  are  produced  directly  by  th«  ^littingmp 
of  the  prnteiil  molecule,  whilflt  others,  such  as  acetic,  oxalic  tm 
carbonic  acids,  are  w.condartj,  i.e.  are  produced  either  by  the  nnipl* 
decompoaitiou  or  by  the  oxidation  of  bodies  which  wure  thi!  pninvT 
reiiults  of  decomposition  but  arc  not  able  to  romaiu  uudeoommsed 
under  the  particular  couditious.  Thus  it  has  boon  shewn  that  4 
part,  if  not  Uit?  wiiule,  of  the  carbonic  acid  obtained  by  Schiiti- 
enbcrger  mu&t  bo  derived  from  tliu  Decundory  deconipoaition  (f 
lysatiniue,  itself  a  primary  product  of  the  Kplitting-up  of  protein 
In  judging  of  the  primary  or  Becoodary  relations  of  these  products  of 
decomposition  very  great  stress  must  be  laid  upon  the  evid«Mt 
which  t:Ktnhli»lnjfi  whetlnji'  the  body  uiitlur  consideration  is  latmed, 
whichever  the  method  of  deuompusiiioii, 

Ami>ngst  the  product-)  obtained  both  by  SchlltzcDbcrgei 
of  dccompusitiou  and  by  that  followt-d  by  Ula^iwctz  and  H 
Drecbuel  and  others  (Sn  CI,  and  HCi).  ISH,  occupies 
place.  It  wai,  therefore,  interesting  to  rlrtcrminu  whether,  UDilertllt 
influence  uf  trypsin,  ainuiunia  is  formed.  The  i)iie:Stioa  has  bMB 
decided  in  tlio  atKrmative.  In  an  investigation  inadu  in  Hopp^ 
Soyler'a  Laboratory,  under  comlition8  which  cxchide  the  probabibtT 
of  putrefacti%*e  changej^,  in  tripsin  digestion.s  which  lasted  a  tot 
short  time  (+  hours),  and  in  which  the  temnennure  was  only  3f  u, 
small  quantities  of  NH,  were  rapidly  formetl'. 

Stadelmann*,  in  KUhne's  laboratory,  repeated  Kir«chler*s  expeii 
mcnts  under  conditions  'tvbich  absolutely  excluded  the  poasibilit|  tt 
putrefaction  and  obtained  exactly  the  same  results. 


■  Dr  S.  O.  Hedin,  '  Znr  EonsCnUa  Aet  Produota  dor  trTptlBobso  Ti 
Fibriim. ■    In  Drfcli-HtlH  ■Aifbiiider  EiwuHulolIe.' 

*  Pr  Augunt  tUmoUlct,  '  Uililunf;  von  Amtaoniak  M  der  PanerMsvccdaaiiiqt  m 
Fibrin.'  (Aa«  dom  pbvMi^logiKli.  clicuiivcli.  Labont.  in  Straaabiut,)  XtiUetriA  f. 
phyi.  Chrmir,  Vol.  ».  il9my),  pp.  31*3— 303. 

■  B.  SUildlnuuin,  ■  Bildun^  von  Ammoniiik  Iici  rankrMcverdaaati^  too  FMiw' 
ZtiMfifiJl/.  Btolcpu.  Vul.  luiv.  (1888).  pp.  261— 2WJ. 
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Are  Xatitkitie-lat€S  products  of  digestion,  by  Trypsinf 


Adenine  C,H,N.  +  3H,0. 
Hvpoxanthiue  C,H,N,0. 


Xanthine  C.K^'S.O^ 
Guanine  C.K.N.6. 


\4aaeamT   «f 
Xima*. 


We  have  now,  before  concluding  our  nccount  of  the  woU-tlefineii 
products  which  ariae  by  the  action  of  trypsin  on  the  prot^ids  (inde- 
peudi-utly  of  putrefactive  bacteria)  to  cousidor  briefly  aLd  to  cxamiiic 
the  value  of  the  facts  which  huvo  bnori  placed  on  rcconi,  and  which 
might,  at  fiFHt  sight^  ap)K>ar  tu  ujitabliMh  sutiic  rchitiuu  betwi>dn 
;ihe  bases  enumerated  above  (and  often  designated  xanthine-bases*) 
:d  pancreatic  digestion. 

In  his  inveatigatiotia  ou  the  bases  which  are  con- 
taiubd  la  various  tiMiics  and  organ.s,  Hchercr  found  small 
miautiti4!?i  of  ji^uiinine  and  xanthine  in  the  tiimiie  of 
tlic  pancreas  of  oxen'.  The  amounts  do  not.  however, 
diffor  uiatonally  from  those  found  in  other  glandular 
organ»  and  fail,  therefore,  to  establish  any  special 
oonnection  between  these  bodies  and  pnncrcntie  proteolysis.  Chitten- 
den, in  the  course  of  a  rfst-ikrch  tu  be  afturwanls  rcfurrud  to,  found 
that  the  pancreatic  tissue  coutaius  an  approciabli^  quantity  of 
bypoxauthiue  and  xanthine,  but  be  proved  that  theiie  bodies  pre- 
«xist«d  in  the  pancreas  and  were  not  the  prorlucts  of  auto-dige«tion, 
AS  their  aniount»  did  not  increase  when  the  dried  pancreatic  tissue 
wu  digested  at  +0*  C.  for  2i — 48  hours  in  a  weak  alkalioo  sialution. 

TncobMm-  Hypoxanthine  and   xanthine  in  small   quantities 

tioni  of  kio-  were  stated  by  Salomon'  and  by  Krause*.  who  worked 
tBoa  ud  or  under  him,  to  be  product*  of  the  digestion  of  blood- 
^""""^  fibrin  by  pepsin  as  well  as  by  irypaiu.     These  authors 

further  stated  that  botn  bodies  were  likewise  formed  wh4>n  hbrin  is 
■digested  at  the  temperature  of  the  body  with  weak  hydrochloric 
acid. 

Working    under    Kiihue's    direction.    Chittenden* 

'~^"^'°'    repealed  Salomon's  experlmeut&     He  found  that  when 

blood-fibrin  Is  subjected  to  digestion  cither  with  pepsin 

or  trypsin,  small    but  easily  recoguiKable  uuantities  of  iha   silver 

compound  of  hypoxanthine  could  ^  obtained.    Ue  likewise  obtained 

'  Bjpoxanthiao  and  ixnthitic  have  bc«n  dealt  irith  it  Ira^  in  Vol.  i.  (Int  MlitioD, 
^  Sl9— US).  A  tall  deRcri|ition  of  Adoainc  will  bo  found  in  tlin3tiil  edition  of  Vnl.  i., 
u  MiBDvxtcMi  with  tb«  cboaiifttr;  of  tha  Nnolcin*.  Uniuiiao  »ill  bo  donoribod  in 
Vol.  m.  In  thia  placo  ««  nbiUl  onl;  rftsr  to  thorn  bodia*  «o  f^r  u  tbef  uppMr  to 
baar  on  paneraatic  itJRMtinn. 

*  SoMrar.  Annat.  d.  (Vi^ni.  u.  Plutfm.,  Vol.  CIX.  p.  327. 

'  SalOBlon, '  Ueber  di«  Viirbrt^ilunit  und  EntatefanDfi  tod  Hjrpoxanthin  und  Mtloh- 
■tera  In  itileriBohen  Organiamun,'  /Ceifchr.  /.  phy.  Oumip,  Vol.  n.  <Le7a— 79). 
pp,  AC — M ;  txitr  to  p.  00. 

*  Bago  Knnae,  'U«b<r  SanteUong  run  XaulbinkOrpem  aiu  SivuiM,'  Ina^g.  Dim. 
Berlio,  1878. 

■  U.  U.  Ohttundao,  ■  On  tb*  Fomation  of  Uyfwzftntbia  horn  JUtmrnin,'  Jovnul 
«fPkyi»b>n.  Vol.  II.  (187»— 80).  pp-  38—87. 
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faypoxanthioe  when  be  subjeoted  blood-fibrin  to  tbe  ftctioa  tf 
boiling  watvr,  as  well  as  when  lie  digested  it  for  two  or  three  dan 
with  «  2  p.c.  8oI.  of  hydrochloric  acid  at  the  temperature  of  ¥f  C. 

Chittenden,  in  comparative  experiments,  nhewed  that  when  «^- 
albumiD  was  substituted  for  fibrin,  no  bx-poxauthioe  coald,  with 
certainty,  be  discovered,  except  in  the  ca&i:  uf  ihc  piiDcreadc  digestits 
of  egg- albumin,  in  which  he  obtained  positive  results. 

As  will  be  shuwu  in  the  sequel,  the  cardinal  fact  to  be  uuule  o«t 
was  whether  blood-fibrin  eontains  hypox;inthiue  preformed  or  not 
la  the  former  Cfisu,  Salomou's  and  Chittendea'))  results  would  mere^j 
prove  that  uiidyr  the  circiitnBtaucea  of  their  expentnents  hypoxaa- 
thiue  bad  been  dinsolved  out  of  the  Shrin  \a  which  it  had  beei 
occluded.  Chittenden  believed  that  he  had  proved  that  fihna 
does  not  contain  hypuxanthine,  by  boiling  it  for  long  periods  wid 
absolute  alcohol,  and  then  exaraiaiug  the  nicohol,  which  ns 
found  to  be  free  from  lypoxauthinc.  Drcchsel',  howi;ver,  sbewt^ 
that  thtB  experiment  doeis  not  by  any  means  settle  the  question  of 
tbe  absence  of  hypoxan thine  from  fibrin. 

Eau«l'a   r»-  ^^  I'^c  year  1873  Dr  Albrecht  Russcl  publishol  t 

■•wciioaoB&ii-  research'  on  the  nucleia  of  j-ea^t,  in  which  be  uk 
cleiiuiuKikiioir  iiounced  that  amongst  the  Holublc  products  of  il4  de- 
rtiftUon*  to  composition  was  a  not  inconsiderable  quantiti'  of 
by pniaii thine.  In  a  subsequent  paper*  he  abewed 
that  when  the  nnclcin  of  yeast  is  merely  boiled  with  water,  s 
quantity  of  hypoxanthinu  (which  Ijl-  i-xtimatod  at  abuiit  1  per  cent) 
is  formed,  this  body  being  split  off  from  the  imclein  molecule. 

Extending  his  re!*earchen  to  niicleins  from  other  sources  bf 
similarly  proved  that,  under  the  same  cirenmstances,  they  jitH 
hyjMJxan thine.  From  these  facts,  Kos^e!  argued  that  the  uuH 
quantities  of  hypoxanthine  fonnd  by  Sniomon  and  Chitt>eiH)eD  wbta 
blood-fihria  was  digested  with  pepsui  and  trypsin,  were  dcTived  htm 
the  nuclein  of  the  whit*  blood  eorpusclos  necessarily  occluded  in  tie 
fibrin,  and  that  these  cxperimenta,  therefore,  in  no  way  sufficed  t» 
prove  that  hypoxanthine  or  xanthine  are  products  of  the  decompon- 
tioQ  of  pniteidft  either  by  papain  or  trypsin*. 

Kossel  has  shewn  that  not  only  hypoxanthine  but  Ukewiw 
xanthine  and  guanine  result  from  the  decompofiition  of  nucleiiuL 

>  DtodIimI,  '  Znr  Frago  na«h  iler  GnUUhtmR  von  U,vpoxftuthut  ko*  EiwoMkAiptf*.' 
B*r.  d.  drutich.  them.  GfiAI*chiip,  Vol.  iin.  ji.  3-10. 

>  I>T  Albrecht  Kowcl,  '  Vtber  dan  Nuclein  itxr  H«(p.'  ZriUtkrift  f.  phy*,  Chm~ 
Vol.  III.  (1879),  p.  284—291. 

>  l>r  Albnwlit  KdhfI.  '  Uvbtr  die  Uerkiuin  dea  Hjrpounlhins  In  dem  OrsutianuiW' 
ZeiUchTl/t/.  phy:  Cbrm.,  Vol,  v.  (19511.  VV-  133—1*1. 

'  Salomon  bac  nJnrrtixl  ttio  view  vt  Koku'I  na  la  tb*  <nigin  of  l^noxaBitluMb*J 
aooloio:  "Nachdcio  i«n  Kctfigt  huttai  dwm  ilns  Nuoletn  Alsdia  Qaall*  Jjo— t  BTiiy  i>  i 
Orauumoa  anxuwi'tixn  Ut,  ■inil  alia  Ki]>frrim«ntc,  ili«  mu  f&r  din  BiUoaf  JiMi 
8atat*iltcn  kh"  dan  Ki<'>'i>iiiiikf>r{i«m  BngHliihTt  bat,  liiuGtUlf  gewordam.    Satoum  U  j 
neine  Beneisc  anGrkbiinl  und  dninit  Miino  rriibora  Anaiebt  guriipfcaoacgwi. "    Kb 
'Zat  Cheml«  d«a  ZcUkeniB,'  ZeiUchriJt  /fir  phyiiolog.  Chrmit,  ToL,  vn.  f^  1- 
(««e]>p.  15  and  IS). 
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Subsequently,  Koftsel  found  that  wheo  the  paucreu 
'  **•■    ia  boiled  for  three  or  four  hours  with  a  very  dilute 
sulphuric  acid  (out-  part  of  concentrated  sulphuric  acid 
ia  four  purU!  of  watur)  a  baso  ia  sot  free,  ad^ntn,  which  is 
a  polymer  of  HCN.  aud  which  has  tlie  coinpoaitioii  CsH.X,  +  3H,0. 

Tliid  hose,  ho  has  shown,  is  formed  in  the  firgt  instance  from 
nucluin,  and  the  LypoxaDthioc  which  is  obtained  by  deconipnncie 
Duclein  U  derived  from  adonio'.  When  the  latter  base  U  treated 
with  nitrous  acid,  hypoxanthine  is  formed. 

c;h.n,+hno,=uh.n,o+n,+h,o. 

AdcDin  appears  to  be  an  amido-hypuxautliiiie  and  to  bear  the  sanie 
relation  to  it  that  guanine  bears  to  xanthine. 

After  an  examination  nf  the  &ct3  adduced,  the  concIuBtoti  is 
,  iuevitttbU'  that  the  80-calIed  xanthine  boilies  do  not  originate  by  the 
profound  decomposition  of  the  albiiminmH  or  albuminoid  bodies 
under  the  influence  of  tr^'pain,  but  asa  the  products  of  the  deconi- 
pontion  of  niiclciins,  a  deoompositioii  which  appears  to  occnr  with 
rreat  ease  uuder  a  variety  of  circunistanct-s  capable  of  cSectiug  the 
nydrelytic  aplitting-up  of  organic  compounda. 

l^ryptophan. 

We  shall  by  this  name*  deirignate  a  substance  as  yet  known  only 

by  the  reactions  which  it  exhibits  when  its  solutions  are  treated  with 

j  chlorine  or  bromine    water,   but  which   may  U->  found  among  the 

[products  of  decompositloo  of  the  albumiuuus  mulccult;.  in  whatever 

manner  tliis  may  bo  brought  about. 

BJ«t*>Ty.  Tiedemaim  and  OmeUn'  observed  for  tba  first  time 

that  the  pancreatic  juice  of  the  dog  assumes  a  rr»e-red  colouration 
when  it  is  treated  with  chlorine  water,  and  assumed  that  this  reaction 
was  characteristic  of  the  pancreatic  secretion.  Claude  Bernard', 
however,  shewed  that  the  perfvctly  fresh  and  normal  pancreatic  juice 
does  not  exhibit  the  reaction,  but  that  it  is  obtuiued  with  the  juioe 

■  EoMel,  'Vthet  :1m  Adeain,'  Ztiuch,  /.  phy».  Chm.,  Vol.  z.  (188S),  pp.  SGO 
— SM. 

'  The  B&m»  Tryplapbui  hk*  b««i  ■nggMMd  hy  N«amci«tor  m  iadleating  ttw  origia 
of  the  body  in  the  dccampAMition  of  pMloida.  II  l(  darived  from  tp^^rrtim.  to  b« 
brwlEii.  aod  ^Ipw.  to  htiiig  tn  Uitbt. 

It.  Nminiaiater.  'Zqt  riijrii<da||i«  An  Eiim*«T«*QTptwMi  und  lur  htHita  tod  dea 
Peptonrrp,*  XriUchri/t  /ar  Btoiogit.  Vol.  xxvii.  (1890),  pp.  809— 478;  m.  ooiwemlng 
TijptoubMi,  p.  SU  Inote], 

B.  sUdtlinuia  hM  sppllsd  the  Unu  ?rol«ia>»cQuviiiO|C*n  to  tbo  •atue  antiiiUnM. 
,  BuNly  it  U  Muecljr  Mptnpri«t«  to  Applj  &  tiAtiM  impl^ff  thftt  it  !■  tbo  mum  of  tha 
I  voloon  diapUjwd  bjr  tiw  prot«id«  (!),  to  «  bod;  whion  i*  nat  ui  imlaiawD  product  of 
;  tlMtir  dMompodtioD. 

*  TiadMBum  knd  UnMlin. '  Die  Vwdauung  itaoli  V«rauohen.'     Iltidplbare.  1431. 

*  CUade  Btmsn).  ■  Ufimolre  sor  le  PancrAaa.'  ComitUs  JUtdiu,  SvffUmtnt, 
u  {1BB6),  pp.  4I»— 109. 
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which  has  boon  kept  for  anme  time.  un]eBS  putrefactioti  sets  in,  vlwa 
it  ceases.  CUude  Bernani  observed  that  wlipn,  through  putrefaction. 
the  chlorine  ruactioo  could  no  loutjer  be  obtsiued,  if  the  Liquid  were 
precipitated  with  lead  wcetato,  the  liitrntc  freed  from  leail  by  Sialt 
sulphuric  acid,  and  the  secuud  filtralu  were  treated  with  nitric  wii 
containiog  nitrons  acid,  a  red  colour  wa«  produced  ;  thi«  he  beKcred 
to  be  caused  by  the  same  body  which  had  originally  caused  the  row 
Ci^ourfttion  with  chloriiiu. 

Kiibtip'  proved  this  view  to  be.  untenable,  the  nitric  and 
nitrous  acid  reactions  beinft  due  to  the  formation  of  indol,  vhick 
could  be  separated  by  dlstillatioQ.  KUhne  shewed  that  th«_  renr 
diRVr^nt  substance  which  exhibit*  the  chlorine  reaction  also  gives  a 
red  or  violet  colour  wheu  troaicd  with  brou»ine  water,  and  aince  b* 
ininxiiKN'ri  its  u*o  brominL'  wat^r  has  g>''«frally  been  etnploTed,  for 
this  purpose,  in  the  laboratory  instead  of"  chlorine  water. 

It  is  mainly  due  to  the  researches  of  Kiibne  that  wo  have  beoota* 
acquainted  with  the  fact  that  tryptophan,  as  we  sball  hencelbirtli 
deog&ate  it.  is  produced  not  ooly  as  one  nf  the  products  of  th« 
paDcrcatic  decomposition  of  proteida.  but  is  Iikt>wl«e  to  be  fonai 
(Uwugh  it  is  rapidly  destroyed  and  disappears)  a^  a  ooostant  product 
of  the  aplitting.up  of  the  afbdiDinuus  moleeoK  in  whatever  tnaaner 
this  mar  be  brought  about.  Kiilmc  is  of  opioioo  that  it  la  one  of 
the  products  of  the  decoinpositkio  of  the  hemi-raoiety  of  tb«  molecalr- 

Thu<t  it  is  one  of  the  prvducta  of  deeompositiou  when  the 
proteids  are  traUtxl  by  Schutzfabeiscr'B  pmess*.  as  well  aa  when 
tbey  are  bi>ilesl  with  5  per  cent,  salphoric  acid,  thoi^b  in  the  latter 
«aM  the  i«*ctioo  is  slight,  and  the  body  wbidi  «oca«iooa  it  rapidly 
disappears*. 

TTTptopban  it  slicMy  aolnble  in  aleoliol.  ^ther.  and 
chbrnfona  (ErftkaMM^V  It  is  BMve  rewlilyr  »>lQble 
ia  anjl  akuihwl  which  may  be  employed  tn  effect  its 
separaiMB  iBeaaala*).  Ib  tW  laner  case  the  remrtion 
sh>Mtkl  W  abMMMA  17  tba  nc  of  eUorine  water,  as 
is  salable  in  anyl  abahal.  md  mfuts  to  b  «  jettow  coloor. 
■f  tiTVlaikB  is  Tttj  giuat,   ao   tlial 

witli    cblorioe. 

AoconltDg^  Id 

fiiliwIiMI,  cUariaa  «•-  hsBMi— 1  ^  aai  eaaa*  Aa  islsMr  reaction  of 

wkWiWW^    tMi  ■■Am  Ii^i^  iijuiwfciii  ?■  lilTi 


BmnMA  Wt  a  mmB  4|MMit;  «(  tW 
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rible,  and  that  its  Bolutions  exhibited  an  absorption  band  in  the 
vicinity  of  D. 

For  the  discuBsioii  of  many  facts  ooncerning  tryptophan,  and  for 
the  description  of  painstaking  methods  employed  in  the  attempted 
separation  of  the  oody,  the  reader  ia  referred  to  a  paper  on  the 
subject  by  Stadehnann^ 

■  E.  SUdfilmuin,  'Ueber  du  beim  tiefen  ZwtaH  der  EiweisskSrper  entstehende 
Protcliiodiromogen,  den  die  Biomreftotion  gebenden  EGrper,'  ZeiUchrift  f.  BiologU, 
Vol.  zzTi.  (1690),  pp.  4Sl~-fi26. 


CHAPTER    rV. 


THE  BILE. 


iNTBODUCTORr  ObSERVjLTIOXS. 

In  the  preceding  chapters  of  this  book  the  various  secretionfl 
have  been  cousiderM  m  conueciion  with  the  geDeral  pbyaiologf  of 
tho  organs  which  pi\>duce  th«m,  some  account  having  aiao  MOO 
{(iv«n  of  the  structure  of  these.  In  the  case  of  the  bile,  howerec,  a 
ditfcrent  course  will  be  foiUwed,  for  reasons  which  will  piesumablj 
dimmend  theniselrea  to  the  readem  of  A  book  which  aims  at  a 
thorou{;h  rhemicaJ  treatmeot  of  th«  prooessee  of  the  aniiml  eoooomj. 
coo.4idcred,  however,  &om  (be  point  of  view  of  the  pluloaophical 
biolt^ist. 

In  this  Tolnme  we  shall  coiaaider  tbe  geaeial  t^enucml  cou^oa- 
Uou  of  the  bile,  iu  proximate  priadpte*  and  their  tnaaBoaamaoBa, 
UHJ  tbe  probable  part  pla%xxl  bj  the  bile  in  the  intestine,  inde- 
p«ode>ntlv  of  the  gmeral  physiologj  of  the  ugan  vhicb  prodaces  ii. 

Tbe  bile  is  to  be  kxi^rd  upiMi  as  a  compocatiTdljr  inajgnifirant 
by>pradiMt'  resulting  from  the  catweiy  eoinplex  aatl  cii««cie 
dMuiaJ  opuatioiw  vhi^  have  tiKcr  aeak  in  the  Uret.  tht  largwt 
aad,  paltaps,  the  most  importaBt  of  all  ihe  glands  eif  the  bodj. 
This  W-prodoct  fvnusbes  as  little  iaagbt  iato  the  craafc  oyerarioii 
which  we  ciM>duc««d  in.  and  br.  this  grcai  AobibbI  fcrtncy.  tbe 
liver,  as  aught  be  obtuaed  of  the  nature  and  niagnifrude  of  tbe 
opamtioas  earned  oe  in  extsosiw  cbeiical  works,  were  «e  ooIt 
psnsktled  tn  iMdj  lb*  rbnwiwl  wywirta«  «f  a  Anin  bI»  wbkk 

cbMfsd.    DwMeai  Dm  sl«^  I 

tioMoCtbe  faesocT  sMi  maUL  csftaial;.  ba  Mcnnrr  to 
l^lato  hnwti|aiiiia.  wbk^  hswrec.  woaU  tmij  b* 
wen  ptacad  la  a  poaiti—  to  eTaiiii  tbe  law 

lalTTh^-r-VlnT'l^ — rr— pin  rfTbifctoal.tU 
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from  thetn.  Such  a  study  we  propose  to  cnakc  in  the  case  of  the 
liver  in  Book  III.  It  cannot  be  undertaken  uuUI  we  lmv«  compl^etod 
our  esamiuatiun  of  all  tli«  procenset  which  have  tlmir  scat  in  thu 
alimentarjr  caual.  Fur  the  latter  purpuae  we  are,  however,  I'ompeUed 
to  undertake,  at  the  preaent  stage,  a  detailed  study  of  the  bile. 

SscT.  I.    Mbtdods  of  oBTAimso  Bile. 

Id  the  case  of  the  bile  we  do  not,  in  the  majority  of  animals, 
encounter  the  difficulties  which  preaent  thenisclvca  in  the  ease  of 
the  other  Recrc-tiouii  of  the  ulimuutarj'  cuuuJ,  whuu  we  desire  to  ob- 
tain them  ill  a  Ktalc  of  purity.  In  VDrtcltratL'  aiiimak  gonerally,  thoro 
exists  ill  couiiuctiua  with  the  hepatic  duct  u  uuilatcnil  ca^cal  diver- 
ticulum' the  gall-bladdvr,  in  which,  during  the  periods  wheu  a  vun- 
tinuous  flow  of  bile  into  the  intestines  is  not  required,  the  secretion 
may  accumulate,  and  whence  we  usually  obtain  it  for  the  purpooeti 
of  chemical  study  and  research. 

Tbftt  animaU,  suoh  ua  the  caroivora,  in  which  diseation  ia  a  more  or  leea 
iBterinittent  prooan,  abould  always  ponscM  a  gatl-Maddfr  in  iiitelligiblo 
«nough,  and  that  the  excoplioiial  outfs  in  which  lIiih  ruNvrvolr  u  Hluti-iit 
aliaiild  occur,  m<HT*/y,  in  tlie  herbirora  in  on  the  whole  intoJIijjible.  It  is 
impoHaihle,  however,  to  ncvoiiiit  fur  clie  i-xc«)ttionK,  hcj  far  as  the  Autlior 
IciiowK,  «ithvr  on  morjihological  or  |)liy»iulogicitl  gi-ouiidn.  Thita,  whiUt 
ox«a  and  •beep  conform  to  th(>  rule  itnd  have  a  gull-bladder,  d«er  havo 
none.  The  Hulidungulii  arc  distiDguiHhi.-il  hy  alisciKi!  of  ^nll-UwIdtrr. 
Whilst  oar  doniMitic  birds,  in  general,  posaew  a  ^ll-Uladilor,  the  pi>;i^<>u 
haa  nooe.  The  jjarrot  and  tb«  ovtrich,  araonget  well-known  binlt,  also 
have  no  gall-bladder. 

Whilst  we  are  able,  a^  has  been  said,  to  obtain,  for  cheniicaE 
study,  bile  from  the  gall-bladder  of  dead  animals,  n  is  impossible  to 
Btndy  the  process  of  secretion,  to  determine  its  relations  in  point  of 
time  to  the  various  digestive  acta,  and  t-u  form  adequate  couceptioos 
of  the  part  which  it  plays  in  tiio  various  digestive  procesees,  unless 
we  .sunplumcnt  the  farts  sitcertuincd  in  other  ways  by  observjug 
auimaU  in  whieh  biliary  hiitulue  have  been  oHtabl ished. 

Mtabuab-  Strbwuun'  wus  the  tint  to  catablish  biUftry  fi»lulic, 

■nasi  of  boi.  and  his  method  of  operating  has  in  general  been  imi- 
aiT  o«iii».         tated  by  subeoqucnt  obBervor*. 

The  dog  ia  the  auimiil  which  has  almost  invariably  been  employed 
when  the  object  has  been  to  malco  a  permanent  bilinry  fistula.     Har- 

*  Tb.  Behwaaa,  '  VmsocIi*  nm  atiunmitbilti  ob  <li«  Gallo  im  OrftanlBmua  eittt  tOr 
daa  htbta  «*Mntlioha  Bolla  Npiclt.'  Arel>iv  /.  Anai.  H-  I'hij..  (1814).  pp  127— ISU. 
AUhoogb  Soliwaan  hai  the  merit  ai  haviiiK  lirst  palkliliiihiHl  twRnaniml  iiilurj  flatalai, 
the  doo  Dpon  which  be  on«Tsted  knd  which  (tirrivfd  tba  iramadiat*  «R«ela  of  tlw 
epoalioD  (Ued  In  two  or  tOTm  Lours,  aod  he  wai  in  contaqaanoa  \oA  to  attacli  an 
nngljeniMl  tuxl  nntriu  iuporlaucv  lu  iLe  |<art  uhich  the  tule  plays  in  the  tMnuaaj. 
Hofavuia  trii)pIo7«J  no  sauuula^  ta  ouUeut  tliv  Iji1«.  So  (ar  m  tli«  AutLor  kovwa  II  «M 
IHondlat  who  tint  did  bo  in  caxa  ol  biliaty  fiitul*. 
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iDg  been  kept  without  food  for  24  hoars  precediug  th«  opera- 
tion, and  having  been  deeply  narcotised,  first  by  mnana  of  morphia 
and  then  of  chinrofonn,  an  incision  about  two  incheti  ia  length  ■ 
made  tlirougb  the  abduiniiial  wall  iu  the  tinea  alba,  curamcuoDg 
at  the  xyphoid  cariilftgc.  The  pull -bladder,  which  is  dist«oded  witu 
bile  in  the  fastiug  aiiiraul.  ia  brought  iuto  view  and,  with  littl* 
didiculty,  th«  cystic  is  traced  to  the  cuoiraon  bile-duct  (ductus 
comuuais  chok'dochus),  The  lattor  ruus  by  the  side  of  the  porUl 
vein  and  the  hepatic  artery.  By  nieaus  of  a  blunt  aueurisin  needle, 
the  common  bile-duct  is  separated  and  a  lifraturc  applied,  in  tb« 
finit  instance,  as  near  as  possible  to  the  junction  of  the  cjslic  with 
the  hepatic  duct.  The  duct  ia  then  followed  down  and  a  second 
ligature  applied  as  close  as  possible  to  the  duodenum.  The  portJoo 
of  the  duct  intervening  betweeu  the  two  ligatures  i^  cut  out,  with 
the  object  of  preventing  the  re-establishment  of  the  duct,  an  cvenl 
which  it  otherwise  very  apt  to  occur,  especJAlly  if  any  temporajy 
hindrance  to  the  outward  flow  of  bile  should  arise. 

This,  the  first  and  easier,  part  of  the  operation  having  been 
complett'd,  the  apex  of  the  gall-bladder  is  seized,  by  means  of  artery 
forcepK,  and  ilrann  to  the  upper  eml  of  the  incision  in  the  ttbdomioal 
wall.  Two  sutures  are  then  introduced,  one  at  either  aide,  very  cloM 
to  the  apex  of  the  gall-bla«lder,  and  these  are  fixed,  one  on  one  ude 
and  one  on  the  other,  tn  the  upper  end  of  the  inciKiou.  The  lower 
part  of  the  latter  is  brought  together  iege  ariis  by  suturets  and  then 
the  very  apex  of  the  gall-bladder  is  incised  by  meaas  of  scissors. 
Having  applied  additional  nuturcs  so  as  to  unite  Gnnly  the  muscuUr 
and  culauGOus  edges  of  the  incision  except  at  the  point  where  the 
gall-bladder  in  Becnred.  the  animal  is  left  fur  a  few  days.  The  appli- 
cation of  a  .>ibield  (fitted  to  the  animal  bi>fore  the  operation^  partly 
made  of  guttapercha  and  partly  of  metal,  and  which  admit*  ^ 
being  strapped  across  the  animal's  back,  is  of  great  assistance  in  the 
alter  treatment. 

If  the  opt-ration  has  bt-eii  performed,  M  should  invariably  be-  the 
case,  with  the  strictest  anti&optie  precaotions.  the  animal  usually 
recovers.  It  is,  howt-ver.  only  in  comparatively  rare  cases  thnt  a 
cannula  can  be  so  adjusted  as  to  collect  tne  whole  of  the  bile  secrotwl. 

In  cases  where  the  apex  of  the  gall-bladder  admita  of  being 
bronchi  well  in  contact  with  the  abdominal  wall,  a  cannula  of  the 
pattern  of  the  one  usually  employed  for  gastric  fi^tube  (sue  p.  74) 
but  of  much  smaller  size,  may  be  introduced  and  retained.  When 
such  is  the  ca&e  the  free  end  of  the  cannula  may  be  closed  by  an 
indiarubber  stopper,  perforated  by  a  gla«s  tube,  to  which  Is  attached 
an  indiarubber  tube  leading  to  a  bag  of  the  same  material  in  which 
the  secretion  is  collected. 

Beiuir-i'M»-  If  a  large  fistulous  aperture  be  established  between 

puiMUo'  Baxa.    the  surface  of  the  abdomen  and  the  gall-bladder,  with- 
i«  out  the  common  bile-duct  being  ligatun-d,   the    biltt 
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will,  ID  its  entirety,  flow  externally,  so  long  ns  the  external  exit 
is  free.  If  the  cannuln  which  htm  be«n  titted  into  the  fistula  is 
close<l,  either  by  a  stopper  or  by  an  accident-al  plug  of  mucus,  the  bile 
will  flow  into  ihe  intentino.  Such  biliary  fiatiiTie  are  termed  by 
Schiff,  who  liai)  umpluyt-d  ttiL-in  frutiut-ntly  iu  his  researc-lies.  amphi- 
bolic 6tituIa.-\  Such  ti»lulie  otTor  so  uiany  advautnges  that  it 
appeani  strange  that  thi;y  have  not  been  mora  comnnjuly  prcfL-rred 
to  the  hstulie  with  occIuhiuu  uf  tbe  coiumuu  bile-duct.  Tb(.>  chiof 
of  these  advantagea  is  firstly,  that  the  operative  procedure  retjuired 
for  their  estabhshment  in  emnparatively  Rimple  anil  that,  conae- 
quenlly,  the  chances  of  rfcovery  are  much  greater  than  when  the 
bil^dact  is  divided.  Si:teoiidly,  that  animals  with  aitiphibolic  fisinliR 
do  uut  BUtTer  iu  gL-uerul  lu-alth  to  tlie  siiuio  eitteut  us  thuae  fruiu 
whose  alimentary  cauul  tho  bile  ig  cuuttuuously  cut  utT:  aud  thii'dly, 
that  the  Hucretion  of  bJlc  may  at  any  timu  be  studied  imdur  cutidi- 
ttouK  which  much  mure  uearly  approticb  the  normal  than  can  be  the 
caflR  if  the  bile  in  pennanently  withdrawn  from  the  iiitejitinc. 

Tkinparar?  Temporary  biliaiy  tistulie  have  ot'teu  been  cstab- 

buiarr Oitniu.  |is)ied  IU  tho  (log  aud  cat.  Tbo  ahdomeu  hai'iug  been 
o])ciied  and  the  commoa  bile-duet  expoited.A  glatui  tuW  is  inlrudueeJ 
into  it^  the  cyatic  duct  being  souietiuioa  ligatured.  To  the  glaas  tube 
is  attached  an  iadianibber  tube,  by  which  the  whole  of  the  bile 
excreted  in  conveyed  externally. 

The  cstubliithmeu I  of  temporary  biliary  fistula-  hua  ofteu  been 
practiaod  iu  the  case  of  tlie  guinea-pig.  The  large  mzu  of  the  gall- 
bladder in  this  animal  and  the  rcadincHS  with  which  it  can  he  drawn 
Lo  the  surface  obviating  the  priucipul  difficulty  encountered  wheu 
operating  on  dogn.  When,  however,  the  common  bile-duct  of  the 
niinea-pig  Is  tied  the  animal  dieA  in  the  course  of  about  twenty-four 
ire'. 


Sect.  2.    The  Secretiok  of  Bile,  the  circl'mstances  vndeb 
which  it  occurs,  and  the  conditions  which  inrluknck  it*. 


1.    Absolute  ammtnt  of  Bile  teereted. 

The  secretion  of  bite  i$  continuous,  though  the  mtc  at  which  it 
proceedB  varies  very  greatly. 

■  From  A^i^iipafJa,  tbr  nUtii  ol  baiug  MUcked  oa  bolb  KtitM.  For  tcrnrducim  l« 
ScbUTs  pKperm  ^nrl  t,  <ti«;i]iutiiin  nf  tii«  inrMtMCfttiann  tcft-r  In  p.  ',i7rl  rt  irij. 

'  Ttw  nmin  nho  dniiM  MUUtioiul  inbnnativti  aa  tli«  lubjcot  of  bUiniy  Gnlalai  U 
nStnti  to  Uu  4lrmd7  ^notwl  p»|>tr  tqr  gctiwKua,  m  «<U  w  Iq  Kuhno'n  l.rhrirwfh, 
f,  69 :  H«U«)liain, '  Anlairang  ron  Oftllstiflildn '  in  Uermftnn'*  JJaudbuch,  Vol.  v.  i. 
•pp.  94U— 361 :  Colin,  Phi/ttorogU  tompar^t.  Vol.  l  p.  Ml. 

*  In  tlw  prepftntioD  nt  tliu  BMitioD  ttw  Author  h«ii  avkilwl  hiiDMlf  of  innoh 
InfontuilJoD  QonUlDMl  in  the  adminbl*  ulicla  bjr  rrolvwor  ilridtmliain,  ectitted 
•  AUfcanoiDe  V«rliiillniMe  ilur  CikltHniMicolioQ '  in  HannkDu'*  tiutidbuch.  Vol.  7.  i.  p. 
SSI  rt  Mf. 
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Abioiuw  IVom  the  remarks  which  hare  been  made  oob- 

wBsimt  or  bii«  cerniiig.thf  rfifficiiltifss  which  attend  the  colk-ction  of 
4sd  bUe-MUiU  the  lotJLl  quaiittly  of  bile  KecreU^d  bv  aoimaU  with 
••«»•*•*  l>r  biliary  tintulji',  the  reader  will  be  prepart^J  for  groat 
•*^^  *V  difirrep&Dciea  in  the  rtwiilta  obtained  by  various  ex- 
*"  perimenters.     When  it  is  considered,  moreover,  that 

some  ob«pr\'eni  baited  their  estimntes  upon  the  study  nf  the  aecretion 
ID  animals  with  temporary  fistulge  (oidder  and  Scbmidb,  Colio). 
whilst  tlic  majority  confined  their  obevrvalions  to  aoims-ls  with 
permmictjt  fistula-,  une  gruat,  Bourcc  uf  diacrepancj-  will  be  apparcuL 

Th<?  attempt  has  bi-irn  made  to  express  the  relation  between  the 
amount  of  bile  Recreted  per  hour  or  per  day  in  temut  of  the  weight  of 
the  animal.  Inasmtich  ne  different  individuals  of  the  same  spedee 
secrete  bile  differing  in  a  remarkable  dpgrec  in  the  amount  of  water 
it  contaius,  moat  experimenters  have  sought  to  detennine  uut  only 
the  total  quantity  of  bile  secreted  but  also  the  bile-solids. 

The  first  result  which  strikoB  one,  in  considering  the  quantity  of 
bile  .secreted,  in  that  uo  comparison  can  be  institutetl  in  this  respect 
between  animals  of  difftirtjnt  species.  The  smaller  the  animal,  as  a 
rule,  the  greater  the  quantity  of  bile  secreted  in  relation  bo  the 
weight  of  its  body.  It  might  be  RuppoHed  that  this  stands  is 
relation  to  the  fact  that  the  ratio  of  the  weight  of  the  liver  to 
the  total  weight  of  thu  body  is  greater  in  the  case  of  small  tbao  it  tt 
in  that  of  large  animals.  As  a  matter  of  fact,  however,  the  unit* 
weight  of  livor  secretes  very  much  more  bile  in  the  caae  of  small 
than  in  Lliut  of  lurge  animals,  as  is  shewn  by  the  accompaoying  data 
(Heideuiiain). 

RELATION   BETWEEN   THB   QUASTITV   OP   BILE   SKCEETED  AND  THB 
WEIGHT  OP  THE   BODy  AND   UVEB.     <HE1DENHAIK  ".> 


Shaep. 

KabbiL 

Owiiiaa-pla. 

Ratio  of  Weight  of  Bile  to  Weight 
of  Body 

Batio  of  Weight  of  Bile  to  Weight 
of  Ljver 

I  :  37-5 
1-507  :1 

1  :8-2 
4-064  ;  1 

I  :»-6 
4-4«7  :  I 

R«eulte     of  The  dog  is  the  animal  on  which  by  far  the  bu^eet 

oteerrauoai  on  number  of  ubservatJona  have  been  made,  iisiially   by 
lbs  dog.  the  method  of  permanent,  but  occasiooally  by  tb&b  of 

temporary,  fiatul». 

<  Heidsnii&u).  loc.  eit.,  Heimuut'i  Uandbueh,  To],  j_  j,  p,  j^^ 
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quANTrry  of  bile  akd  BiLBsoLms  segbeted  bt  the  i>oo 

(PBB  KOBIL   OF  THE  fiODY-WEIOHT  IN  2*  HOUBS). 


AallMmtiM. 

Frmfa  Bil«. 

Bil«-aoUdi. 

MftKimiua. 

Uinitnuin. 

lluumam. 

Bidder  utd  Sohraidt 
NuM 

Arnold 

Kolliker  and  MUller 

15-9 
12-2 

«■! 
218 

2-9 

28-7 
28-4 
11-6 
S6-1 
10-4 

0-696 
0-400 
0-21!S 
0-748 
0-19 

1-126 

0-?84 
0-373 
1-290 
0-fi8 

I 


I 

I 


It  will  bo  gaelicred  from  a  study  of  tbe  r«8ulu  exHbited  in  tbe 
abovu  table  that  the  cjuantity  of  bile  secreted  by  tbe  do^  is  subject 
to  remarkable  variutiutis.  Id  these  experiments,  for  tbe  most  ptu-t, 
the  (juaotity  of  food  cutuumcd  by  the  auimiU  bus  been  loft  out  of 
eoDsiaeration. 

Some  relation  will  probably  bo  diaooTored  to  exist  between  the 
amount  of  the  solid  matters  of  the  bile  aad  that  of  the  products  of 
tbe  tissue  waste  of  the  urfjanism  as  a  whole,  but  the  oWrvations 
hitherto  made  hare  neither  bccD  directed,  uor  bcoD  ade<iUBtc,  to  the 
clueidation  of  HUch  a  relation. 

Th«    Men-  In  the  firat'  of  tbe  subjoined  tables  are  exhibited 

J^^  ^^^_    the  average  quantities  of  bile  and  bile-solids  obtained 

Tor«u  ani-  ^  ^^^  ^'^^  ^^  ^^^  ^^R*  ^^^>  ab««p  aod  rabbit,  by 
mais  eaatrtMU  Bidder  and  Schmidt,  and  in  that  of  the  guitiea>plg  by 
•d   irith  thAt    Friedlftnder  BTid  Barisob'. 

M,Bi-  Ueidenhaio  haa  expressed  in  a  convenient  tabular 

form    (see   the   second    of  (he   subjoined   tables)  the 
results  of  calculations  baaed  upon  existing  data  which 
relate  to  the  secretion  of  bile  by  three  herbivorous  animals. 

THE  BBCBETION  OF  BILE  AND  BILE-HOUDS  IN  CEUTAIN  UBIU 
BIVOROUS  AND  CABSIVOllODS  ANIMALH.  EXPIIE88ED  IK  TEEMS 
OV    THE    WEIOHT    OF    BODV. 


1  Itgr-  of  tbe  following  KniniAla  Mcrated  in  14  boon. 

Cat. 

Dog. 

Sbeep. 

B«bbiL       Ooiaek-pij. 

Pmb  BiU 

liile-RoUds 

14-50     ,    19-99 
0-816  {     0-988 

3ft-41 

1-914 

136-84  '      176-64 
2-47           3-SO 

'  HeldtnhiJa,  Hcnnkim'a  lltiultaeh,  VoU  t.  t.  p.  S62. 

*  PiiwUKader  and  Bui»eb,  AnUvJ.  Amat.  m.  Phii*hl.  1860,  p.  M«. 
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TABLK  KXHIBITINO  THE  RELATION  BETWEEN  THE  WEIGHT  OP  THE 
iJOUV  AND  oe  TUK  LIVKB.  ON  TH£  ONE  UANP.  AND  THAT  OP 
THE  B]LE  AND  BILE-SOLIDS  SECRETED  PER  HOUR.  OS  THI 
OTHER!. 


1 

Sbecp, 

BftbUt. 

Ouiscft-pis- 

a.  Mmiq  body-weight  (in  grina.) 

b.  Bile  xeoretod  l>y  1  kgr.  of  Bwly 

por  Jioiir 
#.      Ratio  of    weljtht    of   liver   to 

wi4}(ht  of  Bofiy 
li.     Bilv  KLwruted  by  1  kgr.  of  liver 

p«r  liour 
4,      Bi  e-aolidn  aecretod    hy   L  kgr. 

of  liver  per  hour 

23S77 
1-109 

1  :53^ 

62-8 

4-13 

I&2&'8 

5070 

1  :  33-5 

169-3 
3-74 

7-330 
1  :37*S 
185-0 
9-«T 

Qwnttty  »f  It  tft  obvious  that  our  knowledge  uf  tlic  amount  of 

bu«    MCT»»«i    bile  secreted  b,v  mao  cau  oiilj  be  deriv«tl  from  obnervn- 
by  mu.  tiota  in  the  very  rare  cases  in  which  a  biliary  fietuk 

HMiiilui  from  some  murbid  process  which,  at  the  same  time,  hioden 
tbe  tlow  of  bilo  into  iho  iutestino.  The  fact  that  iu  tbe  rare  caaea 
which  bavo  rhnticed  t»  be  ubsentKl  by  highlv'skilled  iDVcsttgaton 
and  which  have  be«n  elaborately  iuve«tig*tc<^  tbe  pcraon  o1 
baa  iit-oessarily  be^n  in  a  more  or  less  diseased  cotiditton  det 
■oincwKat  from  tb«ir  value.  In  three  sets  of  obeemtiona,  however. 
which  will  be  referred  lo  below  (observations  of  Copetiuui  and 
Winston,  Mayo  Kobaoo,  and  No^l  Patoo)  the  gOQenJ  ooaditioe 
of  the  patient  so  nearly  approached  that  of  perfect  heAlch  as  to 
leave  uo  dt>ubt  upon  i>ur  mind  that  they  fornix  us  with  a  more 
mlinblo  estimate  of  tbe  amouut  of  bile  secn-teU  by  tbe  bamaji  Uvcr 
than  could  be  arrived  at  if  we  depended  merely  on  calculatioos  b«Md 
on  the  wtdoly  discordaot  obacrvations  ooade  on  tbe  lower  auimala*. 

>  Briawhaia  in  Bmoaaa-s  Bm»mt\.  To],  t.  l  p.  SSI. 

■U  aUMoB  ta  Am  tbmmlaami  mmbbmiiI  ia  Iha  lot  A*  Mknri^  mail  W 

lit.  a'mm  (wofAnl  t7llrOMq*Htfl«7(JM.C^w».  TVawiae.  I8W^  ft.W»  «l 
•wkBosaoMi  of  iba  Imr  m  «Uik  lor  a  vMfc  ar  M  daiai  tha  Mciwa  ar  a«  BaMr 
M^n*  atanabw  Hm  ilsak  wi  —  iii*ay«  hy  a  twlaao  nyiiiiim^hMti 

PUoa'sMdBiMMt^l 
ia^    A 

Mttiarf  ky^  INwia  MbovB  «■  iiinMj 
tU»  «ja).  *M|k  lb«  IwUHa  «M  Mkiaf  nv 


«l  pTSSufciiiia^  «n. W  Or  Uttr,  M  oA^^  CKk  to  wU 

ilk  oeebutea  «(  ih»  eaiMM  &  dM^  OMlil.    -^  |      n'l      f 


1W  lb  ia  Hib  <M«  ^ 
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Nevertheless  we  may  be  certain  for  reasons  to  He  siibsequeotly  stAted 
(p.  ^Sftseq.)  that  the  (]uantity  of  bile  ttbtaincd  from  a  pertiiununt 
biliary  fistufa  is  less  thao  thut  which  would  be  secreted  imaer  iionnal 

K&niH'i  Ob.  In  the  year  1871  J.  Ranke  publiBhed  the  observa- 

MtvatMBi.  tious  whien  he  had  made  on  a  patient  in  whom, 
through  the  rupture  of  a  miitttloc-ular  hydatid  cyat  of  the  liver  into 
the  lung,  bile  was  expectorated  by  the  bronchi.  At  the  time  of 
Ranke's  rcBearches,  the  tistula  had  exiBt^d  for  a  considerable  time. 
At  iut«r^'&ls,  the  bile  appeared  to  be  wholly  expectorated,  as  judged 
from  the  fact  that  the  faeces  then  contained  no  bile-colouring  matter 
and  became  very  rich  in  fat;  ftt  other  times,  no  trace  of  bile  was 
expectorated,  although  a  catarrhal  bronchial  expectoration  persisted, 
and  then  the  fieceH  became  Donuat  The  catarrhal  bronchial  ex- 
pectoration was  estimated  at  18')  c.c.  per  diem.  The  total  quantity 
of  bile  an<l  bronchial  secretion  was  collected  and  analysed  on  five 
separate  occa-sions,  tlie  whole  secretion  of  24  hours  being  obtaiued. 
Deducting  the  iiverage  quantity  of  bmnchinl  secretion  from  the 
total  ((uantity  of  mixed  Huid  collected.  Rauke  obtaiued  us  a  muan  of 
these  five  sets  of  obacrvations,  636  c.c.  an  the  daily  amount  of  bile 
secreted  by  his  pntiout  The  meao  of  the  total  solids  excreted 
amounted  to  20(J2  arms,  Ranke 'a  patient  secreted  at  the  rate  of 
1352  ac.  of  bile  and  0'44  grm.  of  bile-solidH  per  kilo  of  his  body- 
wei^ht  per  HiemK 

voo  wit-  In  187S  V.  Wittich  investigated  the  amount  of  bile 

tun's  cua.  in  a  woman  who,  as  a  result  of  choIelithiadt»,  had  a 
biliary  fistula.  On  ouu  occoisiou,  during  a.  periud  of  four  hours, 
8S  cc,  and  oo  another  occasion  during  16  Iiours  224  c.c.  of  bile 
were  collected.  The  mean  of  these  two  obftervations  gives  542"8  as 
the  amount  of  bile  itecreted  by  thiit  woman  iu  24  hours'. 

ODwm-  In    the    year    IHfiS    Professor   Ten    and    Mr    E.   F. 

""j"  '*'^*°  Herruun  published  an  interesting  set  of  obaurvations 
HtTTooiL  *"  ^  '^'^^   ^^  biliary  fistula  in  raau.     The  patieut  (a 

man  act  4U)  had  bueu  admitted  into  King's  College 
Hospital,  under  the  car*  of  Dr  George  Johuson,  F.R.S.  (in  a 
conJition  of  extreme  oaiaciation,  weighing  112  lbs.),  suffering  from 
jaundice  of  six  montha'  duration.  'On  the  27th  of  Fehruni^'  his 
tensely-filled  gall-bladder  wa^i  opened  with  aseptic  precautious  by 
Sir  Joseph  Lister,  K.RiS.,  in  the  hope  of  removing  the  obstruction, 
which,  however,  was  found  to  depend  upon  occlusion  by  a  carcino- 
matouii  growth  of  the  common  bile-duct,  and  could  not  be  made 

pervious There  was  no  trace  of  bile  iu  the  feocca 

at  any  time  during  his  stay  in  the  hospital.  The  secretion  was 
collected  in  sacks  of  black  caoutchouc,  which  were  kept  aseptic  by 

I  Job,  Bftitkc,  'Dimta  Ucstiinm'ujiK  iler  ia  U  Slunilun  vam  rubfoilca  Mcnacbon 
wvdBcirlon  (lailvaaivDKC,'  C'Iia|>lDr  viu.  of  Hiuilw'f  wofk,  Dit  Dltttetrthtittrng  wwj 
Sir  ThdliffktiUw4ehitl  der  Organe,  Leipzig,  1S7I. 

■  T.  Wittich,  ■  Znr  PhynoJogia  dur  iDi>iiMliIi«h«n  O&lle,'  FRager'H  ArtMt,  Vol.  vi. 
{1872),  i>.  IHl. 
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tbe  dressingB.  Tbe  excliuioo  of  atmoflpheric  germs  b&d  the  sdvao- 
tago  of  {»«veDtinf{  cystitis  and  d«compoffltioii  of  the  bile,  and  the 
attending  coiiiplicatioDeV 

Tht'  |iAtioiit  lived  two  months  after  tbe  operation,  and  on  ai^ 
separate  days  (interveniiig  lieiweeo  Uarcli  S6  aod  April  5,  IS83) 
(with  tbe  4>xo«ptiou  of  i:iuitc  ui»igi)iBcAut  lo(ise«)  the  whole  of  the 
bi^  was  coUoclitl.  Tlic  average  quaotitT  was  fiMind  to  amoUBt  to 
l^-i  ote.  or  374'5  ce.  in  24  boure.  Tbe  arerage  percentage  of  ufid 
mattciB  in  tbe  bile  was  1-346S,  so  that  tbe  bile-sultds  cUtmBated  per 
divin  amounted  to  ^-M  grma  Both  tlie  quantity  uf  bile  aecret«d  iai 
tbe  aoliil  uiatten  which  it  cuDlaioeii  were,  aa  it  will  be  at  onoB  Mtt 
on  comnariaoo.  decidedly  less  tbaa  tbe  amonau  estimated  hy  Bsakt 
and  T.  Witticfa.  Tbe  ooadittM  of  Um  patieot  «a«,  boweTer,  aa  far 
mnoved  from  tbe  nonnal  as  to  forbid  aaj  ooadtuian  as  bo  tbe 
avenge  aaaoaBt  of  htfe  secreted  by  healthy  haman  sabjecu  beinf 
drawn  framtbMB. 

In  1AS9.  Oofeaaa  and  Wunton'  bad   tb«  oppdf* 
^^^  tuitity  of  iow«atigaOBf  a  ea»e  of  bifiaiy  fistola  in  a 

wmaD  aeL  M  l««Mn^  417— Mi   kilo.)  tnxler  tbe 

«ai«  «f  Or  Bnaiowe  m  St  'niiwafa  BoifiUl.  Is  tbi>  cue  oompkle 
*TT?-l**^  of  the  oooamaa  fade^docS  itiWi^  which  was  due,  as  vu 
diwciwad  a«  pott-oMrvMft  cnnwaiiaK,  to  a  caioohtt  firmly 
iiiiac—d  ife  dv  daci  jaat  at  is  rmoImb  with  the  iatcatiDe.  Oa 
«b«  ihiiMiiii  cf  the  paiMM.  «ba  gJMadiier  hmi  be«a 
«Maad^  villi  baa.  Sir  Siifaey  4aMs  at  4an  «  ibe  g»ll 
tfiMbed  it  10  the  <4gw  «f  tbe  an—d  aad  hid  it  e^ao.  when 
mx  m  JSTf  evwas  W  a  gtny. 
aiiad.  vhaeh  WW  ^nw  bee  frw  hfiaijcalMri^  saiftar.      A  fistda 

Mwid«»aadhylfcefaaaib»ibaj  r  »biA  b^l  «xMMd.  intb 
%  SBle.  AsMawvd  Md  the  ««  9m  M  bit  iMoboD,  whilst  thr 
okBaiiMMMHa  erf  a  gxQvb  «ak«r  and  aaaMaaad  tta  tvwoe  of  bife. 
As  aaoa  as  ibe  fislaAa  liad  beoBMe  MtaWdbed  a  piaas  '^""t''"^  wh 
aaoMuatT  Anal  iMo  ^  aad  %«  ■«■»  rf  aa  iadnraUiia-  tube  «W 
bile  w^ad  iuia  *  brtik  yik^ed  m  dwr  «a«  hiaiuaib  the 

i*a«atal  qitaaOf 

^VMMKtreddaayx 

m  oaeOaBt  badlk 

k«a4ninnily 

an    -^__ 

ilale-df 
Jt  lawuHs 
th(^  VMB  MOtfoea  «f  Ubt  yv  »  ibawa  «k  77P«  o«t.  wad  of  Ifr  { 

fc-J..116^ai» 

^: — - —   —  "tttawa  Ste  •^ 
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Bolids  10*8  grms.  The  specific  gravity  varied  betwepn  1*0085  Mid 
I  01.1'. 

obMrvfttiaiii  Id  1S88  au(l    18S9    Ur  Majo  Robsoo*  performed 

or  JUra  Rob-  ^  uericB  of  verj-  iiuiwrtaiit  obBervatioDs  on  a  pfiticot  iu 
**""  whom   be  bad  estublishi-d  n  biliary  fistula.    Tbe  ob- 

aervatioDfi  extended  over  a  period  ciF  mitny  moathA,  dtiniig  whinh  the 
patient  ootitinuoualy  yiijoyud  rfiiiarkal>ly  goud  heallli.  HtT  weight 
(iuriug  tbis  p«riod  waa  53  kgniH.  {8  »tone  4j  Ibp.),  Many  very 
olaborato  wialysieB  of  the  bile  oollect«d  in  this  case  were  m«de  by 
Mr  Fairlcy.  The  average  quantity  of  btle  8eci'et«d.  deduced  from 
observations  extending  over  8  months,  woe  3U  ozs.  or  very  Dearly 
850  cc.  during  24  huunn.  lis  specific  gravity  varied  betweon 
HH)H5  and  10000,  aud  the  Holtd  matter  ainutinted  on  the  avenge  to 
I'Hl  per  oeot.,  the  totivi  solide  excreted  beiti^  lo'^t  ^ins.  Mr  Muyg 
Itobson  waa  «jljsec|iieut1y  ablu  to  •.•Ktablish  u  L-uininuuicatioii  betwt^tjn 
the  gall-bladder  and  the  small  iuteHtine  (by  the  operation  of  chule- 
cyntcnlerosttimy),  »o  chat  the  bile  rtutiimed  itm  uurmal  oourit«,  the 
external  fiatulous  aperture  being  closed.  The  weight  of  the  patient 
e)ulHu.-i|ueuily  increased  to  GO  kgiris.  (9  sL  0^  lb«.X 

OTMMTBtiMia  '^^^  ^^^  ^^^  °^  obaervtttiona  oo  the  amoDot  of  bile 
«r  hmi  ftAm  secruted  by  the  hiiiuau  subject  have  been  uvried  out 
aaA  J.  ■-  Bal-  on  a  patient  in  whom  Mr  John  Duncan,  P.K.C.K>.E., 
*■»■■  had  established  a  biliary  fistula,  the  case  bcitig  one  of 

cholelithiasis  in  which  the  common  bilo-<luct  bad  become  occluded. 
The  {wtic'Ut  wa8  a  woman  aet.  51  years  and  weijjhing  707  kiltTs. 

This  patient  dift'ered  frrtm  those  inventigated  by  T)rs  Copcnian 
and  Winston  and  by  Mr  Mayu  Hobson  in  so  far  that  her  condition 
at  the  time  when  NuSl  Paton  and  Balfour  were  conducting  their 
elaborate  investigations  was  ia  no  aense  a  nonnal  one,  as  proved 
by  the  abnormal  variations  in  temperature,  in  the  quantity  of 
f<»od  ingested  and  of  nitmgen  excreted.  The  total  <)unntity  of 
bile  excreted  in  24  houm  was  found  to  amount  (in  the  average)  to 
638  cc. ;  tile  specific  gravity  viiried  between  lOOft'-i  and  1Q0R"2;  the 
»olid»  in  100  part«  amountt^d  l<i  1*31  and  the  average  total  weight  of 
the  bile-aolids  excreted  in  24  hours  was  8378  grms. 

In  this  case  l)r  Noiil  Putou*  hod  the  npportnnity  to  renew  his 
observations  afutr  an  interval  of  one  year.  Iu  the  meantime  the 
patient  had  returned  to  her  huiiiL>  and  her  health  hud  been  perfectly 

'  TIm  Mithon  Qiv«  tbe  «p»ci6c  gravity  M  TUTj^DK  batwMti  lOOMISand  l-lOi;  in  th« 
latter  flgon  It  fa  obvtoiu  tliat  *  0  in  tbe  Artt  dMimftl  placo  tiu  besa  titnitl«d. 

■  k.  W.  Ibja  Bobwn.  FJt.C.S..  Hod.  Bant-  L««ida  (h>a.  Inf..  •  ObMrratioiia  «o 
Um  StcRlioa  of  Bile  in  «  e*M  oS  Uiliarr  PtAula,'  ProcttdinfM  c/  K<t]t*i  Sac.  Vol,  sltii. 
lH^Wj.ff.iW'SU.  The  lafamwUQnuio  the  weight  of  ibcpaUeniwMiuatliHtctiiljr 
otnitMin  thii  pspor,  but  Iim  bv«ti  priiatol;  oouiai«]leal«d  to  Ihu  Aolbor  bj  Ur  3i>.fo 

*  D.  Noiil  Vttaa,  U.D..  y.U.C.l'.Ed..  uid  John  U.  BalTonr.  M.B..  CM.  'On  th* 
Compoaition,  Flow,  and  PhjrHlalagiMtl  Action  of  ihs  Blla  in  Man.*  Hoprmtcd  tram 
Vo).  III.  ol  laboratory  Rrport*  iaauad  V  tha  Bejnl  Collega  o(  f  bjiiciuia,  Kdiuliiu^b, 

iMi.pp.  m—no. 

*  D.  Kott  raioD,  'Fartbor  Obaf mtioni  on  the  OompiHiUoD  and  Flaw  at  the  Bilo 
In  iUa '  (1W3),  Uapiiaioi  tiom  Vol.  t*.  of  /^onilory  H^pnrtt  iaaatd  bj  tfa«  Uayal 
CoUaga  of  Pb^aioBUk*,  EdinburHli. 
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re-established,  in  cipite  of  tlie  Fact  that  the  fistula  had  remaioed 
opeu,  DO  drop  of  bile  ontcrii^g  the  ioMstinc.  The  quantity  of  bik 
secreted  (mean  of  two  davs'  ubsuirationB)  waa  fuuiid  lo  be  590  tc, 
cODtaiaing  2'3  per  c«Dt  of  solids,  the  total  bile-^Uds  excret«d  duriog 
S4  hours  amounting  t^  136  grmn.  per  !24  bour& 

ThiR  second  set  nf  observations  (in  spite  of  ita  being  limited  to 
two  days)  appears  to  the  Author  to  passess  much  greater  Talue 
than  tho  first,  inasirmch  as  the  subject,  under  investigation  was  in  a 
statv  of  robust  geueml  heahh.  In  this  respect  these  later  obMrva- 
tious  can  be  compared  \vith  those  of  Copeman  and  Winston  and  <rf 
Mayo  Knbson,  tlie  three  sets  possessiug  an  importaDce  which  cannot 
be  attached  to  any  of  those  prtiviously  recorded. 

In  the  aoneied  table  (o.  277)  the  results  of  the  ob- 
stTYiitions  atit'ody  referred  lo  can  be  set-n  ut  u  gtaocc 
Tho«e  marked  with  an  asterisk  appear  to  the  Author  to 
bu  of  paramount  importance,  ioaxmuch  as  they  relate 
tu  individuals  in  a  satisfactory  stat«  of  health.  It  is 
unfortuDat«  that  in  two  of  the  caaeA  which  were  in 
other  respects  admirably  investigated  the  weight  of  the  patieDt  wm 
not  ascertained  with  as  great  accuracy  as  the  other  data  noted'. 
From  these  caHes  we  may  conclude  that  the  amount  of  bile  seoreCed 
by  the  healthy  humaa  subject  (wheu  reabftorption  of  bite  from  tho 
intestine  cannot  take  place)  varies  between  a  pint  and  a  pint  and  a 
half  per  day,  whilst  the  solids  excreted  in  24  Louns  amount  to 
between  3  5  drachms  to  half  an  ounce. 

/it;fwen«0  of  AbtHnmce  on  Vie  Flow  of  BiU  and  Variaiion  «n  Ut 
Amount  durity  tke period  of  Digetticm, 

Although,  as  has  already  been  stated,  the  flow  of  btle  is  con- 
tinuous, the  tnajority  of  observations  point  to  the  (act  tbat  during 
prolonged  abstinence  the  secretion  diminishes  very  greatly  in  quan- 
tity ;  the  observations  of  Uoppe-Seyler'  have  shewn  that  in  this 
condition  the  mineral  mattern  of  the  bile  are  remarkably  diminiAed, 
in  correspondence,  probably,  with  the  greatly  diminished  aecretioD 
of  water  by  the  liver. 

According  to  KtUine'  hhI  Hopp«>S«ykr,  the  secretion  of  bile 
iaoMSes  immediately  after  a  meaL  and  the  increaae  is  maintained  for 
abont  an  hour.  1'hen;  U  then  a  certain  diminution  of  rate,  and  it  ia 
only  after  a  cunaidi'nbli-  iutemU  that  the  iocreaaed  Row  again  sets 
in.  Tbo  stateoients  of  Tarioos  obsttrew  differ  materially  as  to  tho 
time  when  this  iDcroase  sets  in.  There  is  ooosideiBble  eriaeDce.  how- 
ever, in  fanxir  of  the  view  that  the  flow  of  bile  is  particularly 
^Mindaat  during  the  3rd  aad  Stlk  hours  of  digestion  (Voit,  Kdlliker 

*  OcifiB»  Md  VuuMa  Mkia  lhi»l  ito  w«^  gT  ttifr  pMiMt  viijdi  vu  ■!  fint 
4tTiami»wlte4i-T. 

*l*lKl«a4waalw«i^«lr»«aart««lt*MoM.*    TW  »««  «<  Aan  artiaalM  Im*  hem 

ts  iiip"!:?  "^  *•  ""^  ■•  *• '-*^  "^ ' '-• '••^ "- 

■  Off  Sawtm,  Wiiii^itMlM  C»Mi(a,«ii<^Uav>«A. 
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•nd  Mttlier,  find  Hoppe-S^ylcr).  It  would  also  appear  that  a  second 
iDcrease  m  tlie  rutc  of  sticretion  occurs  at  a  later  period  ;  here,  again, 
the  iitfttciupnla  of  observers  differ  greatly.  The  only  thorongh  set  of 
observfttions  nn  this  matter  were  made  by  Hoppe-Seyler'  ii»  ti»e 
ease  of  a  dog  with  perniaoent  biliary  fistula ;  the  bile  was  col- 
lected and  weighed  at  frequent  intcrraU  (every  half-hour,  wi^ 
oucasional  breakB),  and  the  anioiinl  of  it«  variooa  congtitueotK  do- 
termined^  by  the  most  acc-ur&tt-  methods,  id  each  sample.  These 
ufaservatioug  possess  auch  unique  value  that  the  Author  has  »- 
bibited  tbe  results,  so  far  as  the  total  quantity  of  bile  and  tb« 
oiDoUDt  of  sodiuui  taurochotate  are  concerned,  in  the  curves  shewn 
in  Fig.  17  (p.  279). 

Infiuctice  of  the  Mature  of  tit«  DiH  on  the  8«crttion  of  BHa 

All  that  ia  accurately  known  on  this  nibject  may  be  summed  up 
ID  a.  r«w  words.  It  would  appear  that  the  flow  of  bile  is  «om«uAa( 
induenced  by  the  character  of  the  diL-l,  being  most  abundant  when 
aaimals  are  fed  oq  meat  mixed  with  fut,  somewhat  less  when  fed  oa 
meat  without  fat,  and  dirainishiug  materially  if  the  amount  of  &t  be 
excessive  (Ktlhne).  But  little,  if  any,  importance  can  be  att*chod  to 
tlie  conclusions  arrived  at  oa  this  matter  by  Bidder  and  Schmidt, 
who  ted  cats  o»  particular  diets  for  come  days  before  establishing 
temponuy  BMtulEc  and,  from  the.  amount  of  the  bile  and  biU-.'sotidfl 
eecr«t«d,  ventured  to  formulate  conclusions  as  to  the  iDfluenou  of 
Tariations  in  diet  od  the  biUaiy  secretion. 

Influence  of  the  A  biorplion  of  Bile  from  the  Inteatine  on  the 
quantity  of  B\l4  »«crtted. 

Alt  obeervera  who  have  established  temporary  biliary  fistulm  biT* 
remarked  that  the  quantitif^  of  bile  aecreti'd  aink  vtry  materially 
after  tho  upenitioD.  auil  Bid<J<:r  and  Schmidt  observed  that  the  polid 
coustituenti  of  the  bile  diminished  even  more  than  the  tttal  quan- 
tities of  bile ;  in  other  words,  that  during  the  successive  hours  fol- 
lowing the  establishment  of  teiuporary  biliary  fistulffi  the  bile  became 
gradually  less  abundant,  and  more  watery. 

In  ls6f*.  Schitf'  pointed  out  that  the  quaotily  of  bile  secreted  by 
dogs  with  bilitwry  fistula*  diminiHlicd  when  the  bile  was  withdrawn 
entirely  from  the  xliweiitAry  otnal,  whilst  it  increased  witKin  13 
minutes  or  a  quarter  of  an  hour,  wheu  the  bile  was  allowed  again 
to  flow  into  the  intuiitine. 

Scbiff  afterwards*  employed  two  methods  of  investigatioD,  In 
tbe  first  he  established  u  permanent  biliary  fistula  by  the  method 
described   at    page    267,   tne    common    bile  duct   being,    as    usual, 

■  Hoppe-Sej'ter.  Phfiiolrsuc^  CAmfc.  p.  906. 

■  R^hia,  OtMiMk  ii  tttrmtt  HAiuraU  *d  MMMUfV,  Fataniio,  Tel.  n.  (I^l^i 
amoiti  bv  QMB  m  Ua  |«p«r  in  VtHtgn't  JreMv.  ToL  tu.  JI870).  p.  SB». 

*  BOiM, '  BsrMil  abn-  wiiga  VcnnetMnflWD  m^mtrnt  in  pkf^OL  E«bormtorinD 
im  tiMtitata  ra  FlotMii.  i.  OallMihadaBg,  sbMngic  vm  dor  AubaoKniiii  dcr  OallMi* 
■leaa,'  Pflogot'*  AnUr.  Vol.  ra.  (1870.  pp.  688-«tl). 
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ligatured  In  these  cnses,  however,  he  established,  in  additioo,  i 
diKxieiial  fistula.  Having,  in  tin-  first  irBtance,  observed  a  rapid 
diminutioD  of  the  quantity  of  bile  flowinff  from  the  fistula,  h* 
injected  into  the  duodenum  the  bile  which  bad  been  secreted  hy  tbe 
ftttiaiftl  during  the  previous  hour  or  two  hours.  After  10,  but  mem 
obviously  afler  I.'5,  minutea  the  quantity  of  bile  obtaiued  per  fiatmlam 
increased  and  continued  to  increase  during  2,  3,  5  or  more  tnieoettira 
periods  of  10  minutes,  according  to  the  quantity  of  bile  iojected. 

For  the  Hocond  series  of  experiments.  Scbiff  established  bis  to- 
caltt^d  mnpkiboiic  biliary  BHtiils  (see  p»ge  268).  A)>  has  been  already 
stated,  nuch  fistulse,  according  to  Schitf,  enable  the  ex)>cnmcnter.  at 
will,  to  divert  the  whole  quantity  of  bile  from  tbe  alimentary  canal, 
and  at  any  time  to  turn  it  again  into  it«  proper  channel.  Schiff 
found  that  the  quantity  of  bile  obtained  in  a  given  period  from  Bueh 
ftstuliL-  tvas  alwuyK  much  greater  immediately  after  the  bile  bad  been 
allowed  to  po^  normally  into  the  intestine  tlisD  when  it  had  bean 
flowing  externally,  Further,  Schiff  found  that  the  introduction  of- 
solutions  of  blle-tsnlts  into  thi;  intestine  through  a  duudeuaJ  fistU^^H 
caused  an  increase  both  iu  the  total  quuntity  of  bile  and  of  the  blJB^ 
solids  secreted.  Upon  these  fact«,  ScnitT  bused  a  theory  that  a  circa- 
iatitm  of  bile  occum  (' Kreialau/  der  Galle')  :  tliat  a  portion  of  tbe 
secretion  absorb(<d  from  tbe  intestine  on  reaching  tbe  liver  in  tbe 
portal  blood  furnishes  the  organ  with  a  part  «>f  tbe  material  for  the 
secretion  of  freRh  bile.  Further,  finding  that  the  increase  of  bile 
Bccrctcd  followed  the  introduction  of  bile  into  the  intestine  when  the 

Sortal  vein  had  been  obliterated  by  tbe  luotliod  devised  by  Or^  d 
brdeaux',  Schiff  concluded  that  the  liver  was  able  noi  only  to 
utilise,  for  the  purposes  of  bile- formation,  tbe  biliary  cunntitueoti 
which  reached  it  in  the  portal  blood,  but  abo  those  preeeut  iu  tbe 
blouj  of  the  system. 

The  results  of  numerous  observers  anbatantiatly  estabUsfaed  tbe 
accuracy  of  tbe  facts  recorded  by  Schiff.  Thus  Rutherford  and 
Vignal'  observed  that  when  bile  was  injected  into  tbe  intestine  tbe 
secretion  of  bile  waa  increased.  Tarcbanoff'  after  the  injectioD  of 
bilirubin  into  the  blood  nf  a  dog  with  biliary  fistula,  found  that  tbe 
bile  pigment  was  increnaiid  in  the  bile,  and  his  nh-ter^'ations  received 
full  confirmation  from  the  researches  of  Vossius*,  who  determined  tbe 
bile  colouring  matters  by  the  method  of  apectro-photometry.  Ro«eii- 
kranz  in  a  research  conducted  under  the  direction  of  Kunkel  intzo- 

>  Or^'s  method  of  oblitenLting  tho  portnl  roin  connsti  in  plaAing  &  liRktnrc,  m  a 
loop,  aroaud  lh>e  vc-in,  tlien  eloFrini)  tho  abdominii]  troiind,  taiiuig  cmd  uiat  Um  aad* 
«f  iliii  li)u|i  iJicijecl  thiougb  it.  by  exeninu  ti&otiui  on  ihma  «dcIji,  pfakbilis  u  Mt  ap 
which,  iti  (uvoutnbte  cafe's,  huls  to  occlnnion  of  Iht  rein . 

*  ftuthorfonl  ui>l  Vignol,  Journal  oj  Awtomy  and  Ptiytiotaj/y,  VoL  X.  1976,  ud 
XI.  1«77. 

'  Tuohaaolf,  '  Zur  Re[ujlni<as  iti  Oiillviifiu-bAtoStulduiig,'  Pflnget'*  Arehip,  Vvi.  (a. 
(1874),  p.  321), 

*  Vo 


^oiMtaH,    ■  BciUinmuutjcu  d^  U  alien fatbsU>flaa  in  tier  Gali«,' 
Palhot.,  Vol.  11.  {1879),  pp.  126— «54. 
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daned  bile  into  the  stomach  of  dogs  and  found  tKat  the  quantity 
secreted  began  to  increase  in  the  CBurne  of  half-iin-liour,  aLtaining  ito 
maximum  in  from  tliree  to  four  hount  aiu)  then  {{radu&lly  gioking'. 

Hcidenliaiii'  commenting  upon  these  resiiltn  argued,  with  perfect 
justice,  that,  by  themselvcH,  they  wore  rut  flutficient  to  prove  that 
the  Hubstances  conveyed  to  the  liver  iu  the  portal  blood  actually 
|MUted  into  the  secretion,  for  they  might  merely  net  by  escitmg  the 
eeereUnK  elements  of  tli^-  glund  to  incrL'tiSL-u  activity.  HocoloS'^ 
bad,  indeed,  endeavoured  to  determite  whether  abttorbed  bile  acidn 
are  excrctt-d  in  the  bile,  by  injecting  stxlium  of  glykocholate  into 
the  stouiaeb  aud  into  tlio  blood  of  ilugH.  Aa  th>e  bile  of  the  dog 
normally  containn  no  salt  of  plykix^holic  acid,  it»  nppearauco  iii  the 
secretion  would  have  estahlinhed  conclusively  the  truth  of  SchitTs 
bypotheflia  Socoloff  found,  however,  that  under  these  circumstances 
no  glykoeholie  acid  was  excreted.  Admitting  the  accuracy  uf  Sueo- 
toB*s  observatiom*,  which  have  however  since  been  contradicted  by 
Pr^wost  and  Biuut*,  ihey  do  not  in  any  respect  disprove  the  hypotheaiB 
of  Schiff,  for  It  ia  conceivable,  uuy  probable,  lUat  the  glykocholic 
may  be  split  up  into  glycoeiuu  imd  chulalic  aeiJ  and  ihat  the  latter 
may  be  utilised  by  the  liver  m  the  synthesis  of  taurocholic  acid,  the 
normal  bile  acid  of  the  dog. 

wnthti'  A    new    and    very    beautiful    sericfl    of   reseorches 

DiBi's  ni-  have  now  placed  beyond  the  poNHibility  of  doubt  Ihat 

••■'^^^^  Schiff's  theory-  is  absolutely  correct  in  so  fur  aa  the 

colouring  matterii  of  the  bde  ore  coucvraed.  Taken  in  connection 
with  the  increaeo  cf  bile  and  bilc-aolids,  obser^-od  by  the  majority 
of  obsBrvem,  when  bile  ia  introduced  into  ibe  perlal  system  or  into 
the  general  circulation,  these  experiment's  render  it  probable  that 
what  ban  been  proved  to  be  tnie  in  the  cuuu  of  the  colouring 
loaticTs  likewise  holds  j^od  for  bile  acids. 

The  idea  which  was  the  foundation  of  the  conclusive  oxperiments 
about  to  be  referred  to  was  to  introduce  into  the  blood  of  one 
animal  the  bile  of  another  of  ditferent  HpecicB,  and  of  which  the 
coleuriog  matters  are  peculiar,  and  to  observe  whether  the  foreign 
bile  colouring  matters  which  have  been  introduced  into  the  blond 
arc  excreted  in  the  bile.  The  first  oxpehmcnts  of  thiH  kind  were 
mrnle  by  Baldi*,  under  Luciani'n  direction,  in  the  Physiological 
Laboratory  of  Floraiice.  Baldi  injected  ox-bile  into  the  veiiiB  of 
dogs  with  permanent  biliary  tiistulie  anil  ol}Bei*vcd,  iu  general,  an 
almoat  immediate  increase  in  the  (juantity  of  bile  seerL'ted,  the 
increase  coutiuuing  for  some  hours;   moreover,  the   colour  of  the 

■  RonrakTmiu.  ■  D«ber  do*  Sohichiwl  and  Ai«  Badfuitanu  dnlgitT  OkJlanbHiMnd* 
tbeiJe,'  ytrhaitdlunj/tn  der  phjiiiot.-mfd.  UntlUfh.  in  tVUrtburg,  Vol.  iiii.  |18TH>,  f^. 
31B— 282. 

■  Qttidenbkui, '  (l>Uaa«b!«&Jcii]tis.'  HcrmoDa'a  Uaiulbuch,  Vol.  *.  i,  p.  2S9. 

*  Sowlaff,  'Ein  Bdlnit  iut  K«nuUiiHa  cIn  Lobviworalion,'  PflilgM'«  Arthir.Voi. 
n.  (1S7S),  p.  IW. 

*  Prf*<«t  and  Uiaet,  CompUi  Itendiu,  \cl  106  (ISSHI.  pp.  lAW. 

*  D.  Baldi,  '  Kwiiicrdti-i  vipiniuenulu*  aar  la  mftrone  ie  1a  rtcritJoa  bilitlm.' 
Wnnni  d«  rauUni.    Archiva  tbiiitnntt  dt  Biotogie,  Vol.  m.  (l»ttS|,  pp.  S9»— 897. 
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biU  obtained  from  the  JUtuIa  axsutiied  Ote  green  tint  which  it 
(^araet^ristic  of  that  of  the  ox.  Baldi's  oteervatioos,  taken  in 
coimection  witn  the  n-Milts  of  Turchnnoff  and  of  VoKsiuM.  were 
miHiciont  to  eetAblish  a  presumption  in  favour  of  the  view  tbal  llie 
bile  colouring  niatter  of  the  ox  when  iDiroduced  into  tbe  bloud  of 
the  dog  is  Keised  by  the  liver,  which  excretes  it  unali«red  in  tKe 
bilo.  But  though  rendering  this  view  probable.  Baldi's  experinieDto 
afforded  no  strict  edcntiBc  proof.  StadelmaDn'  has  shown  that  wbcv 
aolutions  (»>ntaining  06  or  OH  per  cent  of  common  salt  are  intn> 
dueed  into  the  blood  of  the  dog.  tbe  quantity  of  bite  is  diminidbed 
and  it  becomcra  distinctly  gr^en.  The  green  tint  notictxl  by  BaldJ 
might,  therefore,  after  all,  not  be  due  to  the  passage  into  Lbe  bile 
of  the  ^rven  colouring  matter  of  the  bile  of  the  ox. 

It  18  to  the  pe«eiupclie«  of  Professor  Wertiieimer  of  Lille  that  w* 
owe  the  absolute  and  oooclusive  proof  that  wbeo  foreign  l»le  ooloar- 
ing  matters  ar\>  introdnoed  into  th^  portal  blood  or  into  the  gCD«ril 
drcuiation  of  the  dog,  they  arc  eacretc-d  unchanged  by  the  liver. 

MacUunu*  has  (uiacribed  as  &  cbancteriaiic  eoLoaruiff  matter  n 
tbe  bik  of  tbr  sheep  and  ox,  a  hody  to  which  he  had  ^ven  Uie 
name  of  cholohninatin,  and  which  is  chajBcterised  by  the  preaenoe 
ID  its  spectrum  of  four  abmrptton  baod^  of  whicli  one  which  is  par- 
ticularir  well  marked  is  xiiuated  between  B  and  C,  a  iteooiid  which 
is  mocft  1ms  distiact  between  C  and  I>,  quite  doae  to  £>,  and  tw» 
betwera  DmmiR.     (See  Plate  11.  Spcct.  1 ) 

Having  in  cvojuoction  with  Ueyer*  eoofinued  the  gbeerv&tiotis  of 
MarMuon  on  the  Kpvctrum  of  cbolohasatin.  and  ascMlained  that 
ftwh  bile  of  tbe  dog,  obtained  from  the  gall-bUddw.  exbibitit  no 
definite  ahmrptioD  bands.  WeitbetnMr*  — taoMthed  temporary  biliarr 
frM«la)  in  do^  and  afier  detcnaiBiac  that  the  bile  flowing  from 
the  fistula  axhthit«d  no  albaarpuou  hands;  ttowly  injeetad  vai^Fiag 

«f  the  daaonl  tcitts.     Witlun  a 


qMAtitM*  of  thorp's  bile  uMo 
(jttarter  of  «i  bow  horn  tbo  « 


into  the  ciroalatioa.  th«  bSe  Scmaf 
chanrteristic    manner    the    n 
anittirwd  a  gwoish  htM.    la  I 
a  Ur|«  iaenaav  m  ikm  fcw 


It  ol  tho  injection  of  bile 


HMCtMtt  of  bila  iMo  tht 


the  firtola  exhibited  in  a 
at  cbolohjwnatio.    whikt    it 
Wotheuner  observed 
of  bile  as  »  eosMtant  result  of  the 
Tb  his  naalts  rafcraioe  will 
the  psnosMeo  of  •baofptioa  in  tbe 
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Hie  obMrvB.tions  of  the  Author,  with  which  indepeudent  unpublishod 
observatioDB  of  Wertheimer concord,  hnvechflwnthfttcholohmn&tindoesnot 
exist  )irefnmi>:iti  in  tho  bilo  nf  thi-  ox  or  ahui'p  at  the  moment  of  diMth,  l>iit 
liiKl  the  four-baoded  body  in  rapidly  formed  by  the  oxidation  of  s  chronK^ 
geax  exutiog  in  the  bile  when  tlie  li<)uid  cornea  in  contjutt  with  ftir.  The 
oiaODTerj  of  thin  fact  docs  nut,  how«\cr.  in  the  loiuit  detract  Irom  the 
aciwitifio  value  of  Werth^imer's  obsei-^  ationa. 


Dew  Uia  liTar 

Mct«t«  bUs 
irommaMrUli 
cohtctwI  to  It 
br  tba  tloQd  ol 
tbf  ponal  Tain 


The  Influence  of  the  Blood -supply  mi  the  Swxetion  of  Bile. 

The  blood.Piinnly  of  the  liver  will  be  tliBCUHseii  la 
detail,  iu  Book  III.,  in  conuection  witb  the  gent^ral 
pmcossc'S  which  bavt-  thoir  &oat  in  that  organ,  and  the 
Mocrt'tiuu  of  the  bik-  will  a;piin  liu  fonaidL-red  iu  relatiuu 
to  these  proc'^tsses.  Iu  this  place  it  Ht-ems,  bowcvtrr, 
eioftiiaiMiwUo  expedient  to  refer  to  a  question  which  has  prompted 
'"'"  many  researches  and  given  rise  to  endless  tiiscntuiiuu, 

the  qaeation,  namely,  as  to  whether  the  liver  secretes  bile  at  the 
expense  of  the  blood  conveyed  to  it  by  the  portal  vein  or  by  the 
hepatic  artery'. 

If  tbc  vi^w  which  has  been  eiprcssed  at  the  commencement  of 
this  chapter  be  correct,  that  the  bile  ii  to  bu  looked  upon  dm  a 
oomparatively  iuaigiii6«ant  by-pniduct  resulting  ftxiiu  the  extremely 
complex  and  diverse  chemical  operations)  which  have  their  scat  in  thd 
liver,  then  the  hypothesis  thnt  bile  i«  normally  formed  at  the  exp«nse 
of  tbu  btuod  of  the  hepatic  artery  would  appear  muat  itnprobuble. 
Thtf  relatione  of  the  liver  to  the  pijrtal  vem,  and  through  it  to 
the  organs  of  digestiou :  the  large  <)uuntity  of  blood  wbicb  reaches 
the  liver  through  the  portal  voiu.  espi-ciallv  during  the  period  of 
high  dtgedlive  activity  :  the  exceptional  manner  in  wliich  tnc  portal 
vein,  after  the  manner  of  an  artery,  syWtn  up  into  rapillaries:  besides 
many  other  anatomical  and  physiological  coosidL-rations,  afl'ord 
trrexutible  arguments  in  favour  of  the  view  that  the  liver,  vrhieh 
tekes  its  origin  ob  a  moss  of  glandular  celU  in  close  counectiou  with 
the  mid-gut  and  which  is  pia^'ed  in  the  path  of  the  blood  returning 
frotn  the  organs  of  digcstirtn,  carries  on  its  chief  operations  mainly  at 
the  expense,  and  wiln  the  help,  of  the  materiala  which  the  portal 
blood  coaveys  to  it. 

Yet  certain  well-aaccrtaincd  obscrvaliotis  render  it  certain  lliat 
if,  through  abnormal  circumstanft's,  the  fiow  of  blood  through  the 
portal  vein  be  interrupted,  the  secretion  of  bile  may  coutioue,  before 
the  circulation  of  portal  hlnod  by  means  of  cullatemi  chaiiuelK  can 
poaaibly  have  been  etitablished.  There  can  be  no  doubt  that  the 
principal  part  played  by  the  hepatic  artery  and  its  branches  is  to 
supply  blood  to  the  connective  tissue  framework  of  the  liver,  to 
supply  the  gall-bladder  and  the  hepatic  duct«,  and  even  to  furnish 
the  interlobular  branches  of  the  purtal  vein,  with  their  vasa  vawrum. 
Id  the  liver,  however,  as  in  olmoBt  every  organ,  an  anastomotic  cod- 
nectioo  exiata  between  the  vanouB  vosscb  which  supply  It ;  and  thus 
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blood  from  the  hepatic  artery  penetrates  into  the  intralobular  capil- 
lar}' iicLwork  and,  iinder  abnormal  circumstances,  maj*  keep  up  the 
blood-gupply  of  the  lobule  so  ns  to  enable  tlie  crcBture  to  tide  ovar 
tbo  puriod  which  iuter^'eues  tiotil  the  circulniion  through  the  inters 
lobular  branche*  of  the  portal  vein  is  re-established.  That  the  aeeie- 
tioR  of  bile  cau  go  uu  for  u  time  when  the  porul  vein  alone  supplies 
blood  to  the  liver  has  been  shcwii  by  the  observations  of  a  oumbn 
of  observers  (Scliiff*,  Von  Asp*,  Werlheinier*X  though  an  occlutduo 
of  bmnehea  of  the  hepatic  artery  rapidly  Icndit  in  localised  n&crota 
of  the  liver  substance  (Cohnheini  «.  Litten*),  through  the  cutting  off 
of  the  nutritive  supply  to  veBseU,  ducti*.  and  connective  tiasuea. 

Some  of  the  facts  which  prove  tUftt,  wbi-u  the  portal  vein  ti 
occluded,  the  eccretioii  of  bile  proceeds  at  the  cxponsc  of  the  blood 
of  the  hepatic  artery,  must  now  be  briefly  reviewed.  lu  the  fire* 
instance,  ca^'s  wore  observed,  in  the  human  subject,  iu  which  thf 
portnl  win  opcnud  into  the  vena  cava  inferior  below  tli*.'  livi^-,  and 
vet  the  secretion  uf  bile  did  unl  appi?ar  to  be  interfered  with 
(Abemethy*.  Lawreitce").  In  Abernethy'd  case,  the  hepatic  arteij 
was  found  to  be  greatly  dilated.  Iii  these  cases,  as  the  investigatMD^ 
of  Kiernaii'  revealed,  the  lobules  were  supplied  with  veuoua  Ud^H 
through  ciillatei'al  clmnneU  and  it  cannot,  thereforo,  be  held  t^u 
they  offered  substantial  evidence  in  favour  of  the  view  that  tbe 
hepatic  artei^  is  able,  unaided,  to  provide  the  materials  for  tbe 
Bscretion  of  bile. 

Another  class  of  caseet  includes  those  (of  which  a  large  number 
have  been  observed  in  the  human  subject)  in  which,  throu&h  as 
inflammatory  process,  the  portal  vein  bav  beon  occluded  by  a  throia' 
bus,  as  well  as  tlK'se  io  which  the  portal  vein  bos  been  expvri- 
meutally  occluded  by  the  method  of  Oru.  Id  the  latter  caaea,  u 
Schiff'has  found,  a  collateral  circulation,  enabling  port-al  blood  W 
i-each  the  interlobular  portal  veins,  soon  becomes  e.^itablished.  Fnr 
a  time,  however,  the  direct  access  of  portal  blood  to  the  liver  b  cut 
off  and  yet  the  nccretion  of  bile  coDtimies.  The  most  intereBting  id 
all  experiments  bearing  indirectly  on  this  (question  are  tboM  reoratly 
performed  in  St  Fetersbiirgh,  and  to  which  referenoe  will  be  made. 
at  greater  length,  in  a  subxequcnt  chapter.  Id  these  the  porul 
vein  WHS  ligatured  aud,  at  the  same  time,  a  fistulous  aperture  was 
established  between  the  portal  vein  and  the  inferior  vena  cav«. 
About  oneHhird  of  all    tnc  dogs  subjected  to  thia  most  diffictah 

'  Sciifl.  vp.  cfl^  PflOgor'*  JjvAcV,  Vol.  in.  (19701.  P-  BW. 

>  V.  A«p.  >  Zat  Atwlomi*  und  PhT^ttoloKie  d«r  Itbci,'  Lud-rig's  ArheiUn,  IgO. 

'  M.  K.  Werthutincr.  'Snr  In  oiroulKtion  Int«ro-h6piillqae  de  la  bile.'  JtreUr^  4i 
Pkytinlagu,  No.  H.  Juillpt,  iHitS.  |ip.  577—^7. 

*  Cohnlioita  n.  Liltcio,  Virchaw'i  Archiv.  Vol.  lxtii.  (1S76).  |i.  153. 
'  \btm«thy,  Philotv/tttical  Traiuiu^liimi,  ITUS,  p.  111. 

*  lAwroac*.  UtiL  Chtr.  Trantaelioru,  Vol.  xi.  (IBll),  p.  174. 
'  KumiBD,  Phihiophiral  'tmnr-aciioni,  1833.  Ii.  p.  768. 

*  Sohill,  Sthwriu :  ZeUtthrifi/.  UtilkunJ*,  t.  f.  1  (iinoud  bgr  UeidMtfaalak 
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operation  recovered  from  its  immediate  efFectn.  A  series  of  nervous 
syuiptoioa  manifested  themselves  which  were  unqueHtiotiably  due  to  a 
coDHtitiiont  (carbamic  acid)  of  the  portal  bluoa  whicli  in  nurmally 
amMted  and  transformed  by  the  liver,  finding  its  way  into  tlie  pcnend 
circulation.  There  v/oa  tio  evidence,  however,  of  au  uircat  of  tuc  Bov 
uf  bile,  during  the  lime  wlieri  tbt'  porta,!  bloud  was  cnt  olf.  utid  before 
a  collateral  circulalioa  of  portu.1  bluod  W  tUa  liver  was  established'. 

The  cuuL'luiiiuu  which,  it.  appeani  to  the  Author,  can  be  le^ti- 
mately deduced  from  the  facta  cited  \s,thtit  in  ccuea  o/occiimoit  o/the 
portal  vein,  tht  hepatic  arttry  is  nble  to  nuppty  the  liver  with  su^cient 
woorf  to  permit  c/ite  usual  operations  being  performed,  though  in  an 
imjutired  manner,  nnd  cmigefpieritiy  the  secretitm  nfbile  (which  is  not  a 
fiHtc'tion  per  se.  but  rather  a  resuUnnt  of  all  the  chemical  proceitscs  of 
the  organ)  w  not  arrested.  It  must  not  be  forgotlen.  however,  that 
in  these  exceptional  cosca  the  hepatic  artery  carrie:*  to  the  liver 
blood  which  differs  greatly  from  that  which  it  usually  convey*.  iua«- 
much  as  the  blood  of  the  K«n«™l  circulation  contains  an  unusual 
uruportion  uf  materials  which  have  more  or  leHS  directly  reached  it 
troiii  tilt;  portal  area. 

("••w"  "  '  The  supply  of  blood  for  the  liver  is  maiuly  that 

pOTuTtwto  ''^""^g'^  ^^  ^■*=''^  portte;  aad  this  supply  ia  not,  like 
ud  tueu  In-  "^^  arl^iria]  supply,  a  fairly  uniform  oue,  modified  chiefly 
Oaano*  on  tba  by  the  vaHci-motor  wantM  uf  the  organ  itself,  but  \s  ile- 
fQwafbU*,  pondeiit  on  what  happeiiR  to  be  talcing  place  in  the 
alimentary  cuiiial  and  abdominal  organs  other  than  the  liver  itetelf. 

'  When  no  food  is  being  digested  and  the  aliraentarj-  canal  is 
at  rest,  the  vessels  of  that  canal  are,  like  those  of  the  stomach,  pau- 
erca^i  and  salivary  glands,  in  a  slate  of  tonic  constriction ;  a  relatively 
timall  nuantity  of  WikmI  parses  through  them  ;  hence  the  How  trhrongn 
the  vena  portsc  is  relativity  incoui^iuBrablu ;  and  thy  pressure  in  that 
ve«tHel  is  low.  When  digestion  is  going  on  all  the  miuutc  arteries  of 
the  Blomach,  iutcstines,  ttpleen  and  pancreas  are  ilili»t«d,  and  general 
exterior  premure  being  by  some  means  or  other  maintained,  a  rela- 
tively large  quantity  of  blood  rushes  into  the  vena  ports  and  the 
prt-ssure  in  that  vc5«el  becomes  much  increased,  though  of  course 
QGCeSAarily  lower  thau  the  general  arterial  pre«6Ure.  Moreover 
during  digestion,  peristaltic  movements  of  the  muscular  couttf  of  the 
alimenUry  caivol  are  active  ;  and  these  movements,  »erving  as  aids 
to  the  circulation,  help  to  increa««  the  portal  flow.  Fiu-tber,  the 
spleen  is  in  many  animals  richly  provided  with  plain  muscular  fibres, 
ami  in  these  cases  seems,  eiipecially  during  digestion,  to  act  as  a 
miiseular  pump  driving  the  blood  onwards,  with  increased  vigour, 
along  the  splenic  veins  to  the  liver.  So  that  even  were  the  liver  not 
conuected  with  the  <*ulral  nervous  system  by  a  single  nervous  tie. 

>  *L«  Piatolo  d'Eelc  ile  U  mine  ckfw  inrfrunirii  at  do  la  vvino  pcnU  et  na  ei>n«^ 

r«BOW  pour  I'orgnnluae.  Vu  MM.  le«  Pr*  II.  lliUiii,  V.  Uuuwn.  M.  Xi-nnki  et 
h«l0W.  iTisMiil  dM  UboimtoUM  ite  M.  Noncki  ft  da  M.  fawlow.)'  Arrhi\t$  det 
Seimen  ili'nJo^i'jiif*  jmlUff*  par  r/iuiilol  linpfrM  i«  Mederine  BaptnmeitUtle  i 
BL-Petenbourg.     Tom*  i.  (IMS),  no.  4.  pp.  401— U& 
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the  tide  of  blood  tbrougli  tlio  liver  would  ebb  and  flow  ncoordiogu 
thi-  abseTice  or  prosGnce  of  foud  in  the  ulimeutfur  canal'.' 

That  the  increase  in  tlie  pressurt;  of  bluod  in  the  pon&l  vein 
would  ipso  /ncto  lead  to  increase  in  the  sccrutinn  of  bile,  cat- 
retiponiling  doubtlcas  to  a  general  incT«ase  in  all  the  activities  of  tin 
liver,  a|>}n-ai's  to  be  proved  by  a  variety  of  facts.  Thus  wliec  tbe 
gGQcml  artc-rial  pn?ssiirp  is  very  greatly  lowered  by  blood<letttng  tiie 
How  uf  bitu  is  diiuinislted',  tlit^u^h  UcideuliaiQ's  own  expehuiMiti 
bliew  that,  an  n  rt*Kiilt  of  liseiiiormage.  the  pressure  in  the  carotid 
may  fall  to  imn-half  its  initial  value  without  a  chan^  ia  the  nu  e( 
the  flow  of  bile  beiug  uoticeabte', 

{Section  of  the  spinal  cord  in  the  cervical  region  IcaxIb  to  a  gnU 
fall  in  thp  »mniiiit.  ol'  the  bile  necrctcd,  which  'i»  concomitant  with  the 
gcrioral  full  of  pressure  throughout  the  vascular  system.  StimuUtioi 
of  tlie  spiiift]  coni.  whether  direct  or  retlexly  indnced  by  stimuIatiM 
of  stusory  nerves,  learls  to  a  diminished  How  of  bile  by  tbo  eonUu- 
tiou  which  it  uccasious  in  the  vnaculur  areas  wbicb  reccire  their 
nervous  supply  through  the  splanchnic  ncrvc-s.  and  of  which  a  omim- 
quence  i»  a  diiiuQitilicd  tlow  uf  blood  through  the  jrartal  vein 
(Liclilheim*,  Heideuhain").  Sectiou  of  the  splunrhnic  nt;rves,  which 
h  fnllowEfd  by  a  dilatiition  of  all  the  aiterii-s  which  furnish  ibc 
blood  to  the  radiclea  of  the  portal  vein,  leads  to  an  increase  id  tbc 
flow  of  bile  (Ueidenhain).  On  the  other  hand,  stimulation  of  the 
itplanchiiic  nerves  by  causing  a  constriction  of  the  arteries,  and  a  coa- 
itei{iient  slowing  of  the  portul  streiini,  is  fullutvvd  by  a  diminution  ia 
the  flow  of  bile  (Muiilt*). 

The  Htimulatuiii  of  various  nerves  has  thus  an  influence  on  the 
secretion  of  bile :  this  influence  is,  however,  only  an  indirect  one, 
through  the  variRtioiis  which  the  stimidation  occasions  in  the  flow  of 
blood  through  the  liver.  No  evidence  exists  which  points  to  ibe 
existuQct:  of  any  nervous  apparatus,  local  or  central,  directly 
ling  the  secretion  of  bile. 

The  Pressure  under  tokicli  the  Bile  is  secrtted. 

In  the  case  of  the  saliva,  reference  wa.s  made  to  the  Tact  that 
it  may  be  secreted  though  the  preB-sure  exerted  by  the  secreted  flaiil 
ift  considerably  higher  than  that  of  the  blood  circulating  through  tlw 
Rfteries  which  supply  the  gland — a  fact  which  conetunivcly  provil 
that  the  secretion  is  uut  au  act  of  filtratioiL  The  .secretion  of  the 
bile  takes  place  under  a  pressure  which,  compared  with  that  of  the 

■  M.  FoiMT,  A.  Ttxt-Buok  <jf  Phyaoiag^.     Filtli  eil.  Part  u.  (1S80),  p,  4M. 

*  KOrn«r  utiJ  SttuW,  .9luil>m  lif  phyiiohgiiclKn  latlituU  tu  BrtttoM,  U.  (l 
p.  101. 

*  Hoidrabain.  *  0 a lleaii'bsoii derail g.'  tlermAnn's  Hatidbueh,  Vol.  v.  i.  p^  9n. 

■  Uohtbeim.    'IJcbM-    deb    KinUuui    ilui    Kookcn mftrknTcignng    aaf    4ia  <Mha. 
abanuJoruU);,'  Jriuu^.  Diti.  Uerl.  1B67  liiuoled  bjr  HsidonhiuiiJ. 

'  Heiilrubniii,  Studirn  U.  phr/tiol,  In*t.  m  liretlau  ir.  (IHlSSt,  p.  "ZM. 
'  J.  Munk.    'Uubvt  tltrii  EiufluHi  niMiulikr  Il«iaiing  md(  t^  O&UonatWMibcUuilL' 
I'Atifivt'n  Arckiv,  Vol.  vui.  (1S74),  p.  L&l. 
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mliva,  is  very  low  (FriedlSnder  u.  Bariacli').  If,  however,  we  cuuliaat 
the  pressure  under  which  the  bile  i6  secreted  with  the  blood-pressure 
in  ttie  jKtrtAl  vcio  we  obtain  results  which  are  in  accotttance  with 
those  ascertained  io  the  ca^  of  the  salivary  glands. 

U«ideahaiD',  measurinj?  simultaneously  iho  prossuro  imdcr  which 
bile  is  secreted  and  the  pressure  iu  a  brikticfa  of  the  iuferiur  mesen- 
teric Teiu  of  dogs,  found  that  the  bile-pressure  invariably  exceeded 
(he  portal  blood-pressure  by  a  considerable  amount  In  the  follow, 
ing  table  are  stated  his  result*,  the  prcisure  being  expressed  in  tcims 
of  a  oolumu  of  solutiou  of  sodium  carbouate. 


TABLE  EXHIBITI.SO  THE  REL\T!ON  BET%VEEN  THE  PRKS8URE  t^JDER 
WHICH  THE  BILE  W.V,R  SECRETED  AND  THE  PllESHUBE  IN  THE 
SUPERIOR  MESENTERIC  VE[N  IN  FIVE  EXPERIMENTS  ON  THE  l>O0- 
(HEIDENUiLlN.} 


OUv-pnsmra. 

Blood-preeaure 

1. 

2. 
3. 
4. 
6w 

320  mm.  sol.  of  Sod.  Carbonate 

n&      

20*        „ 
110         ,. 
180        ..            .. 

SO  RiRi.  soL  of  Sod.  Carbonate 

67         „            „             ^ 

90        „ 

50        „ 

6&          •.               ..               n 

Taking  the  arithmetic  mean  of  the  ratios  of  bile-preseure  :  blood- 
pressure  in  thene  five  ex[>erinieDt8  it  appears  that  the  former  w«e 
nearly  twice  and  a  half  as  great  as  the  latter  (S'46  :  1). 

Ea  ahwTB-  If  the  uultlow  of  hilw  be  prevented  as  by  the  appti- 

UonatMcnWd  (^tjo^  of  ^  ligature  to  the  common  bilc-duot.  or  throiiKh 
if)  occlusion  by  a  gall  stoue  or  a  plus  of  muruR.  the 
bilu  already  secreted  is  rapidly  re-absorbed.  The  bihary  coiistitueDte 
tdtimately  pass  into  the  blood  and  are  eicreted  by  the  urine.  If 
their  amount  be  sufficiently  laree,  however,  the  colouring  matter 
KooD  status  the  conjunctiva  and  later  the  skin,  tho  cotiditioa  of 
ictorua  or  jaundice  being  cBtablishcd. 

Rctearchcs  conducted,  under  Ludwi^'s  direction,  by  FleischI'  led 
to  the  interesting  discovery  that  the  biTp  in  not  re-absorbed  by  the 
blood-vcjsels  of  tne  liver,  but  by  the  lymphatics  of  the  organ,  whence 

*  T.  PriedlJUidcT  uod  C.  B*ri"ch,  '  Zor  Konntniu  A^r  iMliint,\Moaiormig '  (aui  d. 
pbjm.  Inalitul  ta  Rrcaku),  Anhiv  f.  Amit.  u.  I'hy:  IhHiO,  MM  p.  661)  tl  Mf. 

*  HMiianhaiti,  oricinnl  ntixriiuvDU  [)ub|[abM  in  Lii  Brtiole  ' U«.1Ieukliaoiulcnuig.' 
Htmunn'a  Han4buch,  Tol.  v.  i.  p.  369. 

*  Flctaoht,   '  Von    dei    Ljrmplie    and    den   LjmiibgeliiaMii  dst  Lsbftr.'  Lndwiifl 
AtbeiUM.  IH74.  p.  M. 
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it  mtikcs  its  way  iuto  the  thoracic  duct  which  carriee  it  into  the  blood. 
This  fact  was  proved  b^  applying  a  ligature  to  the  common  bile-doct 
of  d<'>gs,  in  whose  th<>ractc  diict  a  cftmiula  was  inserted  permitting  Uie 
collectiou  extemully  uf  thu  whole  ^}f  the  lymph.  Whilst  this  flmd 
contained  large  cjuaQtities  oftho  biliary  constitucuts,  the  blood-aentm 
was  entirely  tree  from  them. 

Small  quautities  of  uudecoraposed  bile  acids  are  normally  pccMU 
in  the  chyle  of  the  thoracic  duct.  Tappeinec  was  able  to  isolate  anil 
identify  them  in  1.50  cc.  of  chyle  obt&in<Hl  from  the  thoracic  duct  of 
a  dog  ill  full  digestion*. 


Sect.  3.    The  Physical  Characters  and  the  Reactiom  of 

THE  Bile. 

The  bUe  flowing  ;from  the  hepatic  diieta  is  a  non-^ 
liquid,  the  product  of  the  activiiies  uf  the  li?er  cells, 
gall-bituldcr,  and  perhnps  even  tn  the  cystic  and  common  bile-ductf; 
it  bticumcH  mixed,  however,  with  the  product  of  the  secretion  of  the 
giandfi  situated  in  the  mucous  membraue,  and  acquires  a  viscidity, 
formerly  Hiipposed  to  be  due  to  mucin,  but  which  in  caused  by  a 
peculiar  body  uuw  clasj^ed  among  the  '  nueleo-albumins' ;  we  shall 
designate  this  budy  the  '  muGoid  luieleo-albumin  '  of  the  bile. 

Ooionr.  The    perfectly   fresh    and   normal  bile  of  man  aod  of 

caraivorous  animals  generally  Tdog,  cat,  pig)  is  of  a  golden  red  colour. 
When  examined  apectroscopieally  the  liquid  cuts  otf  more  or  lees  of  the 
violet  iLud  blue  ends  of  the  spectrum ;  it  either  vxMbits  do  definite 
absorption  bands  or  at  most  ou  suitable  dilution,  a  shadowy  absorp' 
tiou  band  noar  F,  occupying  approximately  the  samo  positioa  as  that 
exhibited  by  urobiliu. 

In  the  very  interpstiiig  case  of  biliary  Bstula  in  a  woman  reeonled  bj 
Dr  Oopeuuut  uiid  Mr  Winfltun*,  tliu  bile  prwcntud  iruai  tint  to  huts  *« 
ilerp  olive  tint  iu  whtcli  gi-een  cfittiiiily  |irf|>ond«niU.'d  over  the  yeUcFW.' 
These  observntiuna  have  led  Ck)p<>tuan  liiid  Winston  U>  stirmtBe  tbat  tba 
tioi'iuikl  colour  of  hiniiftii  bile  inay  be  olivc-greeu,  oud  that  the  colour 
nsuiilly  itr-ntTibcd  lui  clntrucleristic  of  the  bilii  of  man  may  be  due  to  a 
reducing  [irocoiw  oecurring  during  tim  sojourn  of  the  bile  in  the  ^U- 
tiUdder.  In  Jacobs^n'a  descriptiou  of  the  bile  s6cret«d  iu  W««tpbaleii'l 
case  the  bile  is  described  aa  a  'jfrunHcJt  hranngcUK  FlUHsigkeit.' 

The  treeh  bite  of  herbivorous  animals  is  of  a  pure  grass'greitD  or 
olive-green  colour  (rabbit,  sheep,  goose)  or  it  is  of  a  colour  iu  which 
green  predominate!!,  but  in  which  a  red  tint  is  perceptible  fox,  some- 
times sheep).     It  absorbs  the  violet  and  some  of  the  blue  rays  of 

■  U.  Tapppiner,  'Oeber  die  Aufaaug^tinf;  ilf^r  unllenratireo  AlkaUen  im  DOniidsnill^' 
SiUmigihrr.  d.  It'irriir  Aatdemii  J.   l\'njenicli..  Vol.  TT  (IffJ&U  Abth.  ni, 

"  tlMouokton  CopeinuQ,  M.A.,  M.l>.,  ami  "•  1'  "'iiiil  ii  '  "tirn-|t]rni  nn  llllllSi 
Bilo  obtained  from  «  comi  of  Biiiniy  FUtuU,'  Jtiurnat  oj  PM^wMogg,  VoL  z.  (IMf), 
21S— sal,  MM  p.  31S  et  tlq. 
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Uiv  Spectrum,  Uut  bcfuro  it  has  Cuinc  in  coat&ct  with  airprcscuta  uo 
delioita  absorption  tmnda;  in  oth^r  words,  at  the  time  of  death  the 
bile  does  Dot  contain  any  body  poaseBsing  the  optical  properti«H  of 
the  cholohiematiii  of  MacMtiiin,  but  a  ehromogen  from  which  cholo- 
hfematio  is  rapidly  developed  (Gaiugee).  The  tuais  colouring 
matter  on  whicn  the  grtren  colour  depends  exhibits  no  abstoqitioo 
bands. 

The  brown  tint  which  human  bili:,  collected  in  tho  gall-bladder 
iMurt  mortem,  usually  [iuH!i(-:i»(><t,  and  which  frequtiully  is  exhibired 
oy  the  bile  obtaine*!  I'roin  biliiiry  fistuliR,  when,  through  septic 
iuvoKion,  catarrh  of  the  gall-hhuMer  ban  been  net  up,  i»  due  to  a 
chuu^u  which  the  uomial  pigment  has  undei^one. 

When  exyxtned  to  the  air,  bile  which  when  fre;ih  had  a  reddish< 
yellow  colour,  may  acutinie  a  ^raB<t-^r<-en  tint  similar  tu  that  of  the 
herbivora.  ConTersely.  the  green  bile  of  the  nx  when  deconipoining 
in  the  nbiience  of  air,  loses  it.i  green  colour  and  becomeR  brown. 
The  causes  of  these  changes  in  colour  will  be  treated  of  in  discussing 
the  colouring  matters  of  the  bila 

1M*  The  bile  poasea&ea  at  first  a  characteristic  sweet<bitter. 

almoat  immediatelv  followed  by  a  purely  bitter,  taste,  which  is 
imparted  to  it  by  the  bik*  acids  which  it  contains. 

<Mow-  The  fresh  bile  \s  usually  destitute  of  smell.    The  bilo 

of  the  ox  and  sheep  when  concentrated  on  the  water  bath  often 
exhales  a  faint  niuak-lik0  odour. 

Dmatf.  The  deUHiiy  of  Uie  bile  which  is  flowing  freely  from  a 

fistula  is  much  lower  than  that  of  bile  obtained  from  the  gall- 
bladders of  animals  post  mortem. 

According  to  Frerichs,  the  specifie  arafity  of  human  (gall-bladder) 
bile  variea  between  lOIJ  and  1'04.  According  to  v,  Oonip-BeaanL-);. 
th*  upecific  gravity  of  human  bile  varies  between  1-0105  aud  1032, 
On  the  other  hand,  the  ntOHt  reliable  detcrmiuutious  of  the  density 
of  bile  from  biliary  fistula  in  man  give  results  which  never  approached 
the  higher  limit  assigneil  by  Gorup-Besanet.  O.  Jacubaea'.  in  his 
examination  of  the  bile  of  a  man  with  biliary  Bstula,  found  the 
denHity  to  vary  between  10105  and  lOlO"  (t.  17*5^  C),  Copentau 
and  WinsioD*  found  il  to  range  between  I*0UH5  and  I  0105.  Yeo 
ami  Hcrroun*  found  the  density  to  varj'  between  1008  and  lOOSS. 
In  Hayo  Robson's  case,  Fairley  found  it  to  vary  between  I  0085 
and  1-0090.  Noel  Paton  and  Batfour  observed  rariations  between 
1-0054  and  1-008. 


>  Om.  JaoobMB.  •UntMnuboBi  nuaMUiclMr  GftU*.'     Btr.  4.  4nt*ck.   Chtm. 
GutlUka/l.     Vul.  yt.  (187»).  p.  109B. 

■  OoptBUUi  Moi  WinnlnB.  lof.  1^1..  p.  9SI. 

■  Tm  an^  UaTonn. '  A  iiui4  on  tun  MiiupotitiaD  of  Hunmu  Utto  obuincd  trnm  a 
a«tnb.'    Jevrnai  ^ ^hffioloiiy.  Vol.  v.  (I8»3— 94).  p.  IIB. 


890 


OOJJSTITUENTS  OP  THE  BILE  EXfMERATED.  [BOOK  R. 


B«mUod 


ot  'The  bite  is  a  ftfebly  alkaline  liquid.     According  to 

Bidder  and  Schmidt  iu  alkaliaity  depends  ou  Jkttuix- 
tiirK  with  the  stcretion  of  the  gall-bladder.  In  onier  to  determiDe 
its  reaction  the  bile  should  be  previously  diluted. 

Sect.  4.     Enumkratios  of  the   Onstituekts   of  the  Bin. 
The  Constituents  wuicii  are  Speoikic  or  the  SBCREnos. 

The  bile-  is  o.n  JiqiieoiiH  solution  containing' as  its  principal  anda{)edfir 
constituents  (1)  tbe  sndiiim  sdlta  of  cerlainonjugate'l  acids  comprised 
under  the  cenerul  desigiiatioii  of  bile  act/is;  (2)  certain  ooloariag 
inalttrs,  included  under  llic  yeaeral  term  of  biU  colaarinff  maiUrM,  m 
wliicb  tbo  principal  nrt>  Iriliyufnn,  tho  charactertstii'  colounug  matter 
of  tliu  bile  of  the  curuivoru,  and  biliiierdin,  nbiuh  is  characteristic  «f 
the  bilu  of  tht-  herbivr<r;i.  Ar[iori)j;st  thu  fliaracteristic  ctxiKtitneoti 
of  tlic  mixed  bile  slioukl  pi-rhaps  be  aI»o  included  (3)  the  muooii) 
nncleo-albumin  which  it  mixed  with  the  bile  in  the  gall-btmln*T. 
We  speak  of  the  bile  acids  and  bile  colouring  raattera  being  specific 
crinAtitiieiits  of  the  bile  and  specific  prndurtti  of  the  liver,  iNiiwnuci 
a«  tU$s$  suhstancta  ar$  nvC  f<mnd  in  the  blood  or  in  the  tisatiM  <4 
aniiiiaU  /rum  which  the  liver  lias  been  rw/iorW.  We  cannot  with 
f<|iinl  positivenesst  speak  of  the  mucoid  nuclco-albiimiD  being  a 
specific  constituent,  as  bodies  wf  somewhat  similar  composition  and 
renctJons  occur  i;lsewhere  ;  besides,  this  constituent  is  not  a  product 
of  the  HCtivitv  of  the  hepatic  celU  and  must  be  looker!  upou.  in  a 
sense,  as  an  adventitious  constituent  of  the  btlo. 

In  addition  to  the  bodies  which  are  the  specific  products  of  the 
activity  of  the  hepatic  cells  and  the  mucoid  nnclco-albutniD,  the  bile 
contains  cholesterin,  neutral  fats,  soaps,  K-cithiu,  or  its  products  a( 
do I'om position,  traces  of  a  dinstatic  ferment,  mineral  mftttera,&nioiig8t 
which  a  small  ((uanLity  of  iron  is  invariably  found,  and  gasM  of 
wbicb  the  chief  is  CO,. 

Sect.  5.  Oltkocholic  Acid,  Taurocholic  Acid,  Hvcwltko- 
cHOLic  Acid,  Hyutaurochouc  Acid.  Chenotaurocrolig 
Acid. 

Introductory  ObscrvtUions, 

If  the  bile  of  ibu  ox  be  mixed  with  animal  charconl  and  evapfr- 
rnted  to  dryness  on  the  water  bath,  a  pulveriMtble  lesidnc  is  obtained. 
This  u'hea  treated  with  abtuihite  alcohol  yields  a  colourless  or  raiotlr 
yellow  8otu1ioD,  containing  uo  trace  uf  the  bile  colouring  inattcra,  but 
which  holds  in  Nohition  the  iwdium  salt^  uf  the  bile  acidx.  If  now 
anhydrous  ether  be  added  to  this  alcoholic  solution,  a  white  turbidity 

■  In  olil  blood  ntrav4UiRti«n!i.  mbroMOpic  orysIaLB  of  M-c«ll«d  tuvmAtoidia  «ee«r 
■hicta  uppRiir  t(i  bp  iilfnlivnl  in  cryslaDine  form,  ooluur,  ipoetriKoapic  ohanoum  ui 
eluaiau  ntaclioDs  vitfa  bilimbin. 
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IB  at  first  produced  and,  as  the  quantity  of  ether  added  is  increased, 
&  white  amorphous  precipitate  falls  t«  tlie  bottom  and  adheres,  in 
part,  to  the  walls  of  the  vessel  in  which  the  precipitation  ocairs.  If 
the  process  of  drying  of  the  hite  lia-t  been  cnmplete  and  the  alcohol 
and  ether  subsequently  employed  auhydrous.  the  snow-white  precipi- 
tate in  the  ciHirso  of  some  hours  or  some  days  eiliibita  tufts  of 
beautiful  needles'.  To  this  crystalliue  precipUAtc  the  name  of 
Piiittiiers  crystAlHsod  bile  ie  given.  It  is  composed  of  the  sodium 
«&lts  of  glykocholic  and  of  taiirocholic  acids. 

The  bile  of  all  animals  eontaios  either  a  glykocholic  or  a  tauro- 
chcdic  acid  or  ii  niixturf!  of  these  acida.  Glykocholic  acid,  on  the 
one  hand,  is  a  nitrngennuB  acid  which,  under  the  inHiience  of  hydro- 
lytic  agencies,  spIitB  up  into  amidoacetic  acid  (elycocoil)  and  into  a 
non'nitrojteDoius  acid,  termed  cholalio  acid.  Taurocholic  acid,  oti 
the  other  hand,  contains  not  ouly  nitrogen  but  sulphur  and,  under 
hydrolytic  agencies,  splits  up  into  amidu-ethylsulphouic  acid  (taurine) 
and  into  choUlic  acid.  The  cholutic  acid  of  the  bile  i>f  certain 
■oimaU  (as  the  pig  and  the  guuNe)  hoH  a  <tliglitly  different  compo- 
sitiun  from  that  of  the  normal  cholalic  acid,  aud  thus  we  niay  have 
a  glvkochulic  or  a  taurocholic  acid  not  abf^oUiiely  identical  with  those 
of  tne  ox.  These  obser^-ationa  will  render  intelligible  the  etateiDGnt 
preTiouAly  made  that  the  bile  of  all  animals  contains  a  glykochoUc 
or  a  taurocholic  acid  or  a  mixture  of  the  two. 

As  will  he  afterwards  statetl  in  detail,  the  bile  of  herbivora 
coDtaius  ^dykocholjc  acid  aft  its  principal  bile  acid,  whiH  the  bilc  of 
csniirora  contaiu-s  taurnchnlic  acid  as  its  chief  or  sole  bile  acid,  The 
bile  of  man  contains  a  prepouUeraucc  of  glykocholic  acid,  taurocholic 
acid  being  sometimes  absent. 

The  bile  of  nearly  all  classes  of  animals,  with  the  cxccptioo  of 
that  i>f  fishes,  contains  sodium  salts  of  the  bile  acida  In  salt  water 
fishes,  however,  the  bile  acids  are  in  combinatinn  wilh  potassium  j  in 
fixL-sh  water  fishes  bath  pnta>«sium  and  sodium  sallH  uxist,  the  latter 
predominating.  The  same  curious  fact  has  been  observed  in  the  bile 
of  certain  'Chkonii' 


Tilt  TlBVI  ot 
rearoror  um 
TaimaaUB, 


The  Early  liiat&rt/  of  researches  on  the  Bile  Acids. 

When  we  consider  bow  important  a  part  the  older 
phymciann  aHcribcd  to  the  bdu  in  the  cauHation  of 
disease  we  cannot.  \w  surprised  to  flnil  that  this  secre- 
tion was  amongHt  the  first  to  be  subjected  to  investigation.  Passing 
over,  for  the  present,  the  ohsen^ntionH  made  before  chemistry  hau 
attained  to  the  |)osilion  of  a  positive  science,  the  first  to  be  noticed 
are  those  of  Fourcmy  and  Vauquelin',  whose  views  do  not  appear 
to  have  ditTurod  materially  from  those  which  had  prevailed  conccro- 

'  PUtloer.  Am.  d.  Chtm.  u.  Pharin.,  Vol.  i.i.  (lati). 

'  Voarcroj.'9j*ttmn  dan  o»niiaiKK«nMt  cIwmiqD*^*  Quoted  hr  n«rT«litia  In  ht> 
uUele  'UaU«'  in  Wshdm'ii  llaadw-'rlfTbticli  dcr  Phyiio-los't,  Vol.  i.  (IM'i),  p.  file. 
The  AntliDT  bu  not  been  ftble  to  leo  the  orii;ia&). 
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iDg  the  Dature  of  the  bile  during  the  latter  half  of  the  18tb  oenttirj. 
viz.  thut  it  was  a  iiecretion  of  Kunp-likc  cbarBcter,  This  view  was 
billed  ou  the  nlkaliticf  nature  of  the  bile,  on  the  resinous  precipitalt 
obtained  on  the  addition  of  aciiU  to  it,  and  on  the  fact  thnt  a  pitt 
of  the  a^ids  iKldnd  remained  in  solution  in  combiDation  witb  sodium. 

nisntuMii-  It  is  ill  the  almost  Mmiiltaaeous  observations  of 
wofTiwiiud'.  xhenard  and  of  Herzeliiis  publinhed  in  the  first  yews 
of  the  present  century  Lbut  we  trace  the  germs  of  our  knowledge  of 
the  bile  acids.  Theuard  ex|)t.>riinenteiJ  upon  the  bile  of  the  ox.  He 
discovered  the  impurtaiit  fact  that  tteutral  and  basic  lead  acctatn 
when  added  to  bile  cause  a  prccipitute ;  this  he  decomtwsed  by 
mcaDS  of  dilute  nitric  acid  and  obtuined  a  coloured  resiu-like  bodj- 
whicfa  lie  designated  '  ri^sine  de  la  bile.'  Thi«  body  mimt  have  con- 
sisted of  a  mixture  of  glykocholic  and  cboloidic  acids  with  colouriw 
matters.  The  ilh,nit«  troni  the  firat  precipitAte.  when  treated  willi 
&  large  excess  of  lead  acetate,  vielded  a  second  yellow  precipiL*M, 
from  which,  by  the  action  of  U,S,  he  obt&ined  a  soluble  eztractivf 
matter  to  which,  because  of  Ite  bitter  and  sweet  tast«.  be  g&vc  tbt 
name  of  picromel  (from  viKpot,  pungent,  bitter;  and  fie\i.  boavj)- 

Tii«  reaoaroa-  Shortly  after  Thoiiiml's  reseaKhea,  Berzcling  sbcvMl 

ea  or  Beraeiiui.  ^^^^^  when  acetic  acid  is  added  to  bile  it  ptt:cipitales  % 
body  which  bad  until  then  been  considered  to  be  albuniiD,  but  whici 
be  declared  to  conijiKt  of  mucin  secreted  by  the  gidUbtadder,  but 
doea  not  precipitjite  any  resin-like  body  from  bile.  Oo  idiliofc 
however,  aidphuHc  or  hydrochloric  acid  to  bile,  he  obtained  a  precipi- 
tale  consisting  of  a  resin^like  btuly.  4_)n  decompo!<ing  this  prvcipi- 
tate  with  barium  carbonate  or  with  lead  carbonate  (according  Co  tiir 
acid  which  he  hnd  employed  in  the  precipitation)  he  obtaioed  a 
watery  solution  of  a  substance  poa.st;a»ing  the  tostu  of  bile,  and  which. 
he  assumed,  funned  couipoundu  with  acids  which  were  insoluble  in 
water  ill  the  pro^^nce  of  an  cxee.ss  of  acid.  To  this  suppoeed  proxi- 
mate principle  of  the  bile,  Berzelius  applied  the  name  of  bilituy 
siibslance  {' Diese  Substaru  vuniite  ich  Galleiisto^')*.  Aa  we  now 
know,  the  biliary  .substance  of  Berzelius  must  have  consisted  of 
impure  glykocholic  acid. 

Jn  the  year  1826  in  the  ce!ebnit«il  work  which  he 
wrote  in  association  with  Tiedemana,  Leopold  Oinetin' 
unciunnced  the  nmults  of  his  reMearchea  on  the  bile- 
He  declared  that  the  biliar}*  substance  of  BcrzcUuB,  iw 
less  than  the  'r^sine  de  la  bite'  and  the  picromel  of 
Thenard,  consisted  of  mixtures  of  bodies.     From  the  biliary-  resin 


Hm  <Umo- 

paid      OmcUn 
aad  of  Redtsa- 

tMCb«T. 


'  Xhtiuud, '  UAmoin  tar  Ik  Bil«.'  H  k  I'lnslitut  U  i  Bsirial.  u  13.  iUmmirm  dr 
PA^^iqiK  (t  lit  Chimir  itc  In  S-kUU  d'ArcueU.    Tome  i.     Pui*,  1807.  p.  39— U. 

'  U«nelias,  FUrMtningar  i  UJurUmUn,  n.  p.  !H8,  Stookhaln,  p.  1S08.  QuM 
\>y  Seraeliue  in  his  artic^le  ■  Gallc '  in  Wa^nor't  Uandtri'irurbueh. 

*  TledemaiiD  uud  UmeUo.  Die  rrrduuuiiy  itack  Vfmtehtm,  ToL  l  [ISM^  f, 
6a  et  teq. 
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he  succeeded  in  separating,  however,  a  crystalliDe  acid  to  which  he 
ffave  the  name  of  cholic  acid,  nod  which  was  thu  acid  to  which 
Xehmiuin  afterwards  applied  the  name  by  which  wo  now  know  it. 
viz.  glykocholic  acid.  Amongst  h  larg^  uunibur  of  hypothetical 
proximate  principles,  tlie  discuven*  uf  which  depended  upon  errors 
of  Riutltod  or  of  iiilerpretation,  Gmelin  pUced  a  crystalline  body 
which  he  had  separated  from  Tbenartia  biliary  resin;  this  crjstal- 
liue  body,  which  he  believed  to  exist  in  a  free  condition  in  the  bile, 
aod  which  he  desi^aled  biliary  afiparagine  ('  Qallenaeparagin '),  is 
the  body  we  now  know  as  taurine.  Its  composition  was  unknown  to 
Omeliu,  who  was  not  even  awaro  that  it  contaiucd  the  element 
sulphur.  It  is  a  ri^inarkable  fHct  that  both  Dcinarcay  aud  Dumas 
who  BubsequcDtly  made  ultimate  analyses  «f  tauriue,  havinjc  failed 
(o  ie«t  it  for  sulphur,  nbtaiued  results  which  led  to  the  formula 
C.H^O,'*.  It  was  only  in  1846  that  Redtenbacher'  discovered 
the  presence  of  sulphur  in  taurine,  and  shewed  that  the  empirical 
formula  C,H,NO,  must  be  replaced  by  C,H,NSO,. 

'OVBMxotj'M  The  nest  onipiinT  wh«sc  researches  we  are  eallcil 

utvMti«atuiu.  upon  to  notice  was  Demarcay.  His  work  formed  the 
basis  of  an  independent  report  to  the  French  Academy  by  Dumae 
and  Felouze*.  the  fom^cr  of  whom  submitted  to  ultimate  analysis 
some  of  Demarcay's  products.  Thia  observer  concluded  that  the  bile 
contains  the  sodium  salt  of  a  single  acid  to  which  he  gave  the  name 
of  choleic  acid  (acide  chol6ii^ue),.  which  wo^i  analysod  by  Dumas  U 
welt  as  by  himself  and  ttj  which  the  empirical  formula  C,,H;,N,0„ 
was  assigned,  ^^'llen  boiled  with  acids  lie  believed  that  this  acid 
•»plit  lip  into  an  acid  which  he  termed  choloidic  acid,  CpH«0„  and 
iuto  taurine,  C,H,tN,Oio(C  =  ()V  When  boiled  with  cauatic  alkalies 
choleic  acid  was,  according  to  Demarcar,  split  up  into  ammonia  nnd 
cholic  acid,  CuHnOiO'  Demaxcay's  choleic  acid  was,  in  reality, 
taurorholic  acid  in  which  he  failed  to  find  the  sulphur,  as  he  like- 
wise did  in  taurine.  In  spile  of  his  mistakes  in  these  particulars, 
Demarcay  was  the  first  to  recueuise  the  conjugate  nature  of  a  bile 
acid  and  to  shew  that  taurochmic  acid  splits  up,  when  heated  with 

" "  I,  into  a  nitrogpnous  body,  and  into  a  non-nitrogenous  acid. 

Tfie  Ttsmrckeg  of  Adolf  Strecker. 

It  is  to  the  long  continued  and  masterly  re»earches  of  Adolf 
Strecker  that  we  owv  the  greater  part  of  our  knowledge  of  the  bile 
acid;!  and  of  their  compounds,  aud  the  description  ot  these  bodies 
which  will  follow  is  based  in  great  part  upon  his  work.    His  first 

'  B.  DTOisrofcy.  '  Ueber  iio  SUvt  dtr  OftUe.'  Annalen  dtr  Plmrmaflr.  Vol,  tiTil. 
<I«»SJ.  jip.  J70— »91. 

'  Pelooxe  nni  Diiniii*. '  Itoricht  iiWr  roriteliaaili)  Abbtudlunii  an  div  AkAilrniiQ  in 
Paxil  (AuaxuK).*  Anaattn  drr  Pkanaacie,  Vol.  sxvil.  (1(438),  pp.  3dS— 29S;  iJao  in 
Cvmpltt  Hriutn;  1N3K.  no.  A,  i""  *6sD0«. 

'  Jo«.  HtdUnbnclicr,  'llDbcr  dis  ZiiSUun«DMtiuag  de*  Tnuriaa.'  AnnaUn  dtr 
CtuML  u.  I'harn.,  Vol,  lvii.  (1>M«).  pp.  170—177. 
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research  on  the  bile  was  publislierl  in  oBsociatloD  vrith  Qiiudlacb  a 
the  year  1847  and  conrerned  the  bile  of  the  pig.  in  which  ih«y 
discovered  the  sodium  aalt  of  an  acid  which  they  oanocd  hTocholu 
acid  aiiJ  which  w«  irnw  term  byoglykocholic  acid'.  In  184S  Suwkw 
publiehed  in  two  pntts  hin  greut  research  od  the  bile  of  the  ox^' 
Starting  fnam  the  cholic  acid  of  Gmelin,  Strecker  succeeded,  by 
boiling  this  body  with  a  solution  of  barium  hydrate.  Id  decomposing 
it,  obtaining  as  producl«  of  decoinpositiuii  glyctKoll  and  a  mio- 
nitrogenous  acid,  obviousiy  the  same  as  that  which  Detnnrcay  had 
uaiued  cholic  acid.  Strecker  called  this  acid  cbolalic  acid,  the  Dime 
by  which  it  15  now  generally  known,  and  assigned  to  it  tho  f<>mtiU 

Passing  over  his  researches  on  the  products  of  deoom  posit  ion  of 
chnlnlic  acid,  we  have  to  bring  into  special  relief  the  second  mtt 
result  of  hie  research  on  ox  bue.  Having  separated  the  glykodioUf 
acid  which  exists  in  that  bile  by  precipitating  it  with  neutral  teai} 
acetate,  he  treatc-d  the  tiltrate  with  basic  tead  acotatc,  and  obtaiOEd 
a  sucund  precipitate  containing  the  lead  salt  of  an  acid  in  nht* 
coriipcMitiou  not  only  N  but  S  entered;  to  this  acid  wbich  (after 
Lehniann)  we  now  call  tatirwhoUc  aciil,  Strecker  applied  the  t«no 
choltjic  acid  (choleinsatir^). 

Although  unable  to  obtain  taurocholic  acid  in  a  crystalltoi- 
condition,  he  nucceederi,  by  the  same  method  which  he  had  oiuplojrid 
in  the  case  of  glyktictmlic  acid,  in  decomposing  it  into  tiiurini?  (whidi 
Kvdteubacb^r  liad  already  shewn  ti»  cuutain  sulphur  and  to  which  be 
had  ascribed  a  correct  empirical  formula),  and  into  cbolalic  Mad 
Strecker  had  thus  succeeded  in  shewing  that  the  two  bile  ftcidi*.  likt 
btppuric  acid,  are  conjugate  acids  which  readily  split  up  intu  anaa* 
nitmgennns  acid  comnmn  to  the  two  bile  acids,  and  into  amitto- 
compounds^the  N-containiug  glycocine  on  the  one  hand,  and  the 
N-  and  8-contaiuiiig  taitriuu  on  the  other. 

In  a  third  great  puper*  Strecker  recorded  his  reaeaicliee  ontbe 
bile  of  various  aainiaU,  iuveHtigutiug,  inter  alia,  the  mineral  oou- 
stituontfl  of  the  bile  of  tif^hcs,  and  completing  the  research  which  b« 
hatl  comnieneed  with  Gundlach  on  hynglykoi-liolic  acid. 


GlykochoHc  acid,  C„H«NO,. 

Qlykocholic  acid  is  the  principal  bilo  acid  in  tho  bile  of  man,  tW 
or  and  other  herbivorous  animals,  and  occurs  in  cotubination  witi 
sodium,     It  is  nut  found  in  the  bile  of  carnivorous  aniniaU. 

>  Dr  C.  SiiD4llaoh  and  Dr  Ad.  Stivcker.  >  UnteraaoIiUUK  der  SefawomcnU*  '  Jvafa* 
<r.  Chfin.  u.  yimm..  Vol.  Liii,  (1847),  pp.  205—332. 

"  Ad.  Hcretber,  '  lIiit«riiuchiiQ)i  ilerUabiienKKUe.'  Bnte  AMwndlinig.  Jmi.4.Cb& 
II.  Pharm..  Vol  i.sv.  (184^),  pp.  1  —  97. 

'  Xd.  Btreokvr,  ~  Unk-ntucb-uaii;  dcT  OoltscngaUc-.'  ZwinW  Abli&adlnact.  JWMtaJ 
Chna.  u.  Pharm..  Vol.  Llvii.  (lHl"«|,  pp.  1— (JO. 

*  Ad.  Stn«kcr,  '  Bonbnfhtttnt^^n  iibi^r  die  CiaIU  vftraehicdcnAr  Thi«r«.*  JmmI.  i. 
ChtsiL  u.  PkaTm.,  Vol.  i.s».  (IS40),  pp.  !«— 197. 
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"^•«  «'  1.     From  Phttner'a  ' crifstalliseil  lite'  (sec  p.  291). 

pr»pttMion.  -pjjg  crysliilUue  |>recipitati;  obtained  by  adtliug  etiier 
to  a  solution  of  dried  decoloun.sed  bile  in  absoliitti  alcohol  is 
iJisMilved  in  water  and  diliitt>  mtlphiiric  acid  is  added  to  th« 
ftolutioii,  until  a  permaneut  and  dense  turbidity  ia  produced.  The 
liquid  in  s*t  aside  when,  after  some  hours,  glykocholic  acid  sp|iaratA.'ii 
in  the  lonn  of  fine  silky  iieudles.  It  is  cullcetcd  ou  a  Biter,  washed 
with  distilled  water,  presswd  between  filter  paper  and  then  disajlved 
in  ftlcobol,  oqIj  as  much  of  this  liquid  being  employed  as  suffices 
to  diasolre  the  acid.  To  the  alcoholic  salution,  many  times  its 
volnme  of  ether  is  added,  when  pure  glykocholic  acid  separates  out, 
ID  the  form  of  long  silkj  needles. 

2.  Ily  precipitation  iirith  lead  acetate.  Decolourised  extract  of 
ox  bile  u  di.ss<i!ve<I  in  water  and  the  .■wlution  h  treated  with  a 
■olution  of  lead  acetate  which  produces  n  precipitate  composed 
almost  entirely  of  glykocholate  of  lead,  Tiiis  precipitat*  is  collwled, 
washed,  draiiifrd,  aiiu  its  mixed  with  alcohol.  A  sulutiou  contuining 
an  excess  of  sodium  carbonate  is  then  added  and  tlio  mixture 
evaporated  to  drj'ness.  In  tliii  proceK»  a  double  doconipositiuu 
occurs,  which  results  in  the  fortnation  of  limd  carbonate  and  smliuin 
glykocholate.  From  the  dry  re,stdue  which,  in  addition  to  tlieise 
mitji.  eontainx  an  excess  of  sodium  carbonate,  the  sodinni  glyko- 
cholate is  dissolved  out  by  means  of  absolute  alcohol.  The  alcoholic 
solution  is  then  evaporated  lu  dryness,  the  residue  dissolved  in  water, 
decoloariMMl    by   beating  with    pure    animal    charcoal,    lilturud   and 

i'ttaated  with  dilute  sulpburit-  acid,  which  eaiiseH  the  separation  of 
glykocholic  acid.  This  process  is  very  infltnictive  for  the  student, 
but  does  not  so  readily,  or  so  uniformly,  yield  a  pure  product  as  the 
one  Brst  described, 

3.  By  JIu/ner's  in«thod\  Perfectly  fresh  ox  bile  is  treated 
with  a  few  drops  of  strong  hjdnichloric  acid  which  cauw-'s  the 
separation  of  the  mucoid  Duclco-albumin.  The  liquid  is  then 
filtered  and  to  each  100  c.c.  of  the  littral«  h  c.c  of  concentrated 
hydrochloric  acid  arc  added.  The  liquid  being  placed  in  a  utonpered 
cjliuder,  30  C.C.  of  etht-r  are  added  for  every  100  cc.  of  bile,  the 
whole  shaken  and  placed  in  the  cold,  in  the  most  favonmble 
caat-s,  the  separation  of  crj'HtaU  of  glyk(K:holic  acid  comineoce«  at 
once;  usually,  however,  some  hours  elapse  before  the  wpamtion 
occiirH,  when  the  mixture  is  found  to  have  been  converted  into  an 
almost  solid  maama  of  crystals.  The  ether  having  been  ddtited,  the 
crystals  are  washed  iu  ice-cold  water  until  the  waihings  are  colour- 
leas;  they  are  then  dissolved  in  the  smallest  posKible  i^uautity  of 
boiling  water  which,  ou  cooling,  depoaittt  them  iu  a  colourless  and 
pure  condition. 

■  O.  Hafner,  'S<ifan«lle  D*nt«lltuig  tou  OlyliocboUittM.    J&ttm.  /.  fraltl.  CktmU, 
T«l.  s.  (1OT4}.  p.  987. 
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This  method  which  i!>i  the  simplest,  and  wlien  successful  tbe  ben. 
of  all  which  lire  avnilable,  fails  verj  frequeatly.  Thu«  il«nh»li' 
foimd  that  in  only  322  per  cent,  of  all  tlie  trials  which  he  nuit 
with  the  fn»h  bilu  of  oxen  slaughtered  in  Philadelphia  did  Uit 
separatioD  uf  glykocbolic  acid  occur.  It  would  appear  that  wius 
ox  bile  containH  a.  cnnHidemblo  ((uantitv  of  taiirochoHo  acid,  in 
addition  to  Riykocholic  acid,  the  former  preveota  the  precipitatioii 
of  the  latter  hy  hydrochloric  acid,  even  in  the  presence  of  ether. 

Glykncholic  acid  usually  crystaJUsea  in  the  form  rf 

PiifBioaiMd    colonrless  transparent  needles.      Bv  concentrating  lO 
CBtmiou   pro  •       1,,.        >■*,      i-i>  *.  -.-      <_."> 

PjrtiM.  alcoholic  Bonition  at  a  boning  temperature,  it  is  obtaiKd 

in  the  form  of  thin  four-sided  prisms.      It  requires  30) 

parts  of  cold  and  102  parts  of  boiling  water  to  dissolve  it.     Il  ii 

readily   soluble   in   aicohot,  but   atioost   insoluble    in    ether.    It  ii 

HoUible  in  solution  of  the  alkaline  hydrates  aod  their  carbonatet, ml 

displaces  the  carbonic  ncitl  from  the  latter. 

Solutions  of  glykoeholic  acid  in  alcohol  or  water  poMs*  « 
combined  bitter  and  sweet  taste  and  an  acid  reaction.  GtykodKfc 
acid  is  readily  dissolved,  without  undergoing  decomposition,  fcj 
concentrated  sulphuric,  hytirochloric,  and  aoouc  iicids,  at  ordiwiy 
teinpfratiires.  It  is  soluble  in  glycerin.  The  ^lykocholaies  of  (w 
alkiuiea  and  alkaline  earths  are  "readily  soluble  in  water  and  ia 
alcohol.  whilM  the  glykocholates  of  the  heavy  metals  are  mUmt 
insmliible  or  only  sparingly  soluble  in  water.  A  watery  solutian  d 
an  alkaline  glykochotute  is  preclpimted  by  neutral  lead  acetate,  tb* 
precipitate  is  soluble  in  hot  alcohol  and,  on  ciwling,  Bopamtea  oot 
puTtly  in  a  pouih-ry  condition  and  partly  in  6akea.  Solatiuos  of 
alkaline  giykocholatt^s  are  able  to  dissolve  small  quautitiw  uf 
sapunitiable  soaps,  of  lecithin,  and  of  choluiturin. 

Free  glykocholic  acid  and  its  salts  are  dextrogyrous. 

Specitic  rotation  (a)D  of  glykocholic  acid   dissolved  in  tHoAd 

May  be  prepared  from  pnre  glykocholic  add  Vj 
Bwiiumfiy-  (JiBsolvinc  it  in  n  solution  of  sodium  carbonat«,  evapmt- 
o^fl^aMO^  tiDg  to  dryness,  disaolvius  the  reeiuuo  m  afaMiiik 
alcohol  ana  precipitating  by  the  additioD  of  ■  liifi 
excess  of  auliydrous  ether.  Thu  ttudium  salt  soon  suparatea  oniM 
wiu  described  in  the  cnse  of  cr)'stalli«ed  bile.  Il  is  very  aolnble  ia 
water;  100  parts  of  alcohol  at  15' C.  dissolve  ^'9  parts  of  ibe  miH 
When  heated,  it  melbt  and  takes  fire,  and  ultimately  leaVM  m 
easily  fusible  mass,  containing  much  sodium  cyauate. 

The  specific  rotation  (a)D  of  an  alcoholic  solution  =  4-  25'*7. 


■  JoluiManli*]!.  'Uob«rdi«  Hllftin'Mhe  nesktion  b«l  ameriluuitoefaar 
Zeittelai/t  f.  phytiol.  ChemSe,  Vol.  si.  {Iddli.  p.  2aa. 
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Producu  ac  Wbcn  subjected  to  long  coatiDucd  boiliuc  with 
««coaipo«iuoB  diluted  hvdrochloric  or  sulpburic  acid,  or  when  liealed 
of_  gli-koonoiie    f^j   ,2  jj-^,„„   jjj   ^   gj.^|g^)   j„^,g   ^^^^^  ^  concentrated 

Hotution  of  'barium  hydrate   in  a  water  bath,  glyko- 


mat*. 


Via.  38.     BoDtrst  GLTKoeiiouTi. 


I 


cholic  Rffid  combint^s  with  a  molecule  of  water  and  splita  up  into 
^lycocoll  and  cholalic  acid,  thus: 

C^aNO.  +  H,0  =  C^H^Q.  +  CH,(NH,)C001i 

Cholalic  acid 


GlvkoeboUc  acid 


Ulj'cocoll 


I 


ObaloUe  *«i(L  Aceurding   to    Hoppe-Seyler',  wh^n    a  soliitiou  of 

Ck^h""!.  'glykochnlic  acid  in  concentrated  8^lph^lric  acid  is 
warmed,  bd  ainorplious  precipitate  sopnrntes  consisting  of  eholonic 
acid  (cboloDS&ure) ;  this  acid  is  insoluble  in  water,  but  readily 
soluble  in  alcohol.  Cholonic  acid  has  not  been  obtained  in  a 
cry8ta)li»;d  condition.  It  io  duxtrogyrouti  aiid  its  specific  rotation 
in  appruxiiuately  the  name  as  thut  of  glykucholtc  acid.  It  is  diBtin- 
gtiisued  both  from  glykocholic  and  cholalic  acidti  by  the  insolubility 
of  its  barium  salt  in  wat«r.  Cholonic  iLciil,  it  will  b«  observed,  ditfen 
Iron)  glykocholic  acid  in  containing  one  molecule  leas  of  H^O. 

Glykocholic  acid,  as  indeed  cholalic  acid  and  all 
ita  immediate  derivativeB,  exhibit  the  reAction  known 
bv  the  iiome  of  tta  digcovorer* '  Pcttenkofer's  reaction.' 
In  its  original  fbrin  the  t««t  is  performed  as  follows:  the  solutiou  of 
tho  tubsbuiod  to  b«  t«st«d  is  (after  the  Bcparation  of  albuminoua 
subatanoes)  placed  in  a  teat  tube  or  in  a  porcelain  capsule  and  to 
it  are  added  2  or  3  drops  of  a  10  per  cent,  solution  of  cane  sugar. 
When  the  contentH  of  tnc  tul>c  lia%'E>  been  shaken,  ntrong  and  pure 
sulphuric  acid  ia  added  drop  by  drop,  care  being  taken  that  the 

'  navithtuti  Jrr  phyiinltiffitrh'  unit  pathoUiffUrh'fhfttiUfhen  Atuilgtr.  Scclwta 
Aa9ft«c  Dcu  bvaibcitvi  tod  y.  IIopp*  SD^-kt  and  U.  riiicrfciJur.  Bvrim,  1893,  Soe 
f.  all. 

*  IVttMtknfar,  'NdliE  (ib«r  mm  ii«n>«  BMCtioa  ui(  UaU«  aad  Ztttkn.'  AimaL  d, 
C'fUMie  u.  J'Acmuic.,  Vol.  ui.  (ISU),  p.  OO— 90. 


ruMDlcatvra 
raactlon. 


KODITtCATIONS 


PETTRN^OTEn'S  REACTION.      [BOOK  tt 


temporftturc  of  the  mixture  does  not  rise  above  70'C.,  lesl  the  taae 
migar  be  carboui^^ied  aiiJ  the  Jurk  colour  thus  cauxecl  should  oooceaJ 
the  reiLCtiuu.  If  bilo  neuls  nro  prudent,  thu  fluid  tiret  of  all  becoms 
opalescent,  then  the  ojialescKtic<5  clearx,  and  the  liquid  bt-comcs  Boc- 
ce»si%'ely  uf  a  pale  clierry-red.  Lliuu  of  a  dark  canuiuy-ryd,  aud  lastlj 
of  a  beautiful  piirple-vioiet  tint.  The  reaction  doe«  not  oocur  io- 
stantly  and  thi;  tube  should  be  set  aside  for  snmo  miDiites  and  iIma 
exumiued  before  a  iiegative  caiiclueiou  in  dmwD  from  the  expentncaL 
la  order  to  avoid  the  trmihlesome  carbonigiug  of  cane  swgnr  whick 
is  very  apt  tii  occur,  Dficthael  suggewted  a  very  useful  modi6<aUiMi 
of  Pettt^nkofer's  test,  which  coiitiiKtud  iu  substituting  phosphoric  acid 
for  sulphuric  acid'.  To  the  liquid  to  be  tested  sugar  is  added  and, 
jiiiiteHd  of  Rulphurie  acid,  plioi^phorie  acid  made  by  dilutiog  the 
syrupy  acid  with  one-sixth  »f  its  volume  af  water;  the  test  tnbe 
eontainine  the  mixture  ia  then  placed  id  boiling  water,  when  the 
characteristic  reaction  develepea. 


1  IU 

1 


A  very  important  luixliBcation  of  Pettenkofer's  reaction  we  owe 
to  Myliiis',  who  found  that  the  reaction  depended  on  the  productloo 
of  furfurol  which  is  generated  by  the  action  of  sulphuric  acid  on  the 
sugar  employed,  and  suggested  that  a  fiolutiou  of  furfurol  in  w: 
of  1  per  niille,  should  be  substituted  fur  sugar.  According 
v.  UdrauKzky*  t"  I  c.c.  of  the  alL'uhulic  Kulutiou  suspected  to  cum 
a  bile  ncid  is  addi-d  a  r^ingle  drop  uf  1  p.ni,  furfurol  solution, 
then  I  ac.  of  concentrated  Bulphnric  acid,  ihe  miiture  bein^  if 
necessary  cooled.  By  this  method  a  perceptible  reaction  ia  obtaued 
with  quaatitie^  of  cholalic  acid  not  execediug  jigth- — ^th  of  a 
aiilligramiiie. 

It  has  lung  been  known  that  many  substances,  some  of  them 
c*>netitueut8  of  the  animal  body,  give  reactions  with  caiie  sugar  or  nith 
cane  sugar  and  sulphuric  acid  or  with  Milphtiric  acid  alone,  which  are 
exceeding^ly  similar  tu  the  reaction  which  is  observed  with  the  Ule 
acids.  Albumin,  acid»  of  the  fatty  series,  amyUalcohol,  morphia, 
an<l  plienul  compounds  which  occur  in  the  urine,  all  give  rcactioDi 
with  fiuear  and  sulphuric  acid,  which  reseuible  Pettenkofer's  nactioo 
so  closely  that  were  it  not  for  the  method  of  spectroscopic  ob«ervatioD 
we  should  be  unable  to  proaouoce  au  opinion  conceruinr  the  identitv 
or  non-identity  of  the  colouring  uiatters  which  are  produo^  in  each 
CftSC. 


*  B.  Dicclmol,  -  Kiao  ModificAtlQn  der  P»ll«uki>[ei'Kihea  BeMtiou  anf  OflUMh 
■Karon/  Jtmrn./,  nrafit.  Cbfinit,  Vol.  xxiv.  USdl),  p.  U.  'Aawcndmig  ntn  Phoafibor- 
•itm  «Utt(  SebwsfdMinr*  bei  dpt  Peilvukoftr  Aclitn  Bvootiuu  oaf  GaUutMuarea.'  Joan. 
/.ftnkl.  Chtm.,  Vol.  x««i.  (1888),  p.  ili. 

*  F.Mvliiw.'Ziir  KinmtmHderrKt«ukofct'MheDUtll6DMiu*'rM«liM).'  ^iritMrWI 
riirphi/iiol.  Chtntie.  Vol,  u.  (IUST).  p.  ilW. 

'  r.  Udianttitlijr.  'Ueb«r  FurriuulrMkiioiiiru.'  ZtiUehriJtf.jfhfivl,  Chtmie,  Voi.  za. 
(1888).  p.  afia-3l»5.  and  Vol.  wn.  (1369),  p.  U». 
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When  a  solution  in  which  Pettenkofer's  1*0001100 
ofPatt^^^^i  '*'"'  ^'^*"*  •i'^velijpcd  is  examined  spectroscojiically.  if 
(i^iiggoj,  ^t.,  the  concentratioa  be  frreat  the  whole  of  tbe  violet  and 
blue  ray?  are  nb»oi'bed  and  a  marked  absorpliou  baud 
is  seen  occupying  the  interspace  between  b  and  £*  and  exteuding 
beyond  /-J  towards  D;  tlie  centre  of  this  band  is  abuut  X5'27;  a 
much  faintpr  .shade  may  be  seen  on  the  refrangible  «ide  of  D,  the 
centre  of  which  correspouda  approxiiiiiilcli,'  to  >.5H5,  If,  by  the 
atldition  of  alcohol,  wo  dilute  the  Jiijuid,  or  if  we  examine  a  thinner 
stratum,  as  the  absorption  of  the  more  refrangible  end  of  the 
spectrum  dimiuislies,  a  baud  uu  the  violet  side  uf  F  is  seen,  the 
centre  of  which  corrcapfinds  appruxinialely  to  X487.  It  is  the 
two  absorption  hands,  near  E  and  near  F  which  characterinc  the 
secretion.     Sec  Plate  11.  (Spectrnni  0). 

Tlie  product')  of  deconipo^iition  and  the  means  of  determining 
glykocbolic  acid  in  the  bile  will  be  couKidcrcd  in  the  sequel. 


Hyoglykockolk  add,  C^^^O,. 

This  acid  is  cbaractoriittic  of  the  bile  of  th«  pig,  in  which  it  exists  in 
oomliinatiun  with  Bodium  and  was  first  investigated  by  Guudlooh  and 
Strecker*  and  nftorwardii  by  Strfukor";  Ly  llieuu  obtH-rvuni  it  was  dnsig- 
nated  hyoobolic  acid°. 

Matbod     of  Decolourised    pifi's   bilo   is  saturHted  with    cry-stalHand 

•♦w^^loa.  aodiuin  sulphate,  which  precipitatat  ihti  »oiltuni  coin |»»  11 11  (I 

of  hyoglykocliolio  acid.  Th«  precipitate  in  wuthed  with  8aturAt«<L  nolution 
of  sodium  sulphntci,  diaaolvcd  in  alcohol,  precipitated  with  ether,  and  tlie 
eiker«a]  pr«cipititti>,  after  solulion  in  water,  ia  tro&ted  witli  hydroohloric 
acid,  which  camtAA  tho  Mrpamtion  of  the  bilo  acid.  The  proctn  may  bo 
aiuijilified  by  dirt'ctly  ditUKilvin^  to  sodium  eulphute  prccipit&to  in  water 
and  adding  hydrochloric  aoid  to  the  solution. 

MyiiglykochoU«  acid  has  not  been  hitherto  obtained  in 
tlm  cry8t*lliiie  fonn  ;  it  ia  a  white  r«*inoua  body  itwolulile 
in  water,  slightly  soluble  in  otht-r,  but  readily  Hohiblc  in  abaolutv  alcohol. 


Proi>«niM. 


'  Bambl«linA  un4  J.  BoitauoIolT,  'UuMncttie^  i^wisoboD  der  Petlealofer'soboo 
OaUvuMMTe-  uud  KivtMiut-rMttivn  '  (suh  d.  Miu.  L«lionL  d.  Hem  Prof.  ButliiD  iu 
9i  PetonliuiKli)-  Ctntralhlatt  d.  mrd.  U'wrnirhafl,  1868,  p.  6S;» — 681.  Tliin  |»i|>«t 
gi-n*  an  fti»unit<i  dcitcrintion  of  tb«  ■pMlnim  «i  FetUmkoter's  reutjon.  A  Boeoad 
Mp«r  hy  Koftomolfff.  '  L'obnr  di*  S|waUal«lgaiiMlian«D  du  Omelin'Mlieii  Raaetion 
oar  Uall*.  ilor  (iiilkRiituni  ChrnmogMiv,  and  ibr  PMlenkofer'acbe  Prob* '  (CniradMutt, 
16M,  p.  iVi),  u  fall  of  •iTon»ouii  Ntaleni«nts  cancnninK  tliC  •peotruia  n1  PtttUnltalWr'a 
TCOdion. 

*  J.  Lb  Sobank,  'I>io  modiJ!cirl«  Pottonkofcr'iche  Uallcnprob*.'  AimI.  phutM. 
('al<T»felnmt*n  von  J.  L.  Kohmik.  Wivo,  Urmamullcr,  18?!).  Abultautsd  in  Malv'a 
JahMbfriekt.  Vol.  It.  (IHT4).  p.  *J8!2. 

'  C.  A.  MacMimn.  "Stiidisi  in  Mcdieal  Sonet ftweopy.'  Dub.  Jtium.  Med.  S^rntt. 
18T7.  and  Tin  Spttmnfopr  in  Mtrtiritit.  lyondnm.  IttftI).  p,  IflS. 

*  Gniidlaeh  uni)  BtrMkvr,  *  I'DUiniichunR  dcr  Schweinogallc '  Llpbl{['i  Attnalen, 
Tal.  I.1U.  11M7),  p.  20S— 232. 

■  Slraukcr.  -Buuliaclituiiuuii  ulwi  div  Qallo  ^erMluttdaniir  Jhim*.'  J nitd Im,  ToL  LU. 
(I8i9|.  p.  U9— U>7. 

*  ynatt  Ft,  pig,  and  x'^'l<  '>■'«■ 
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tlio  ulcoholic  eolation  pa«M«niig  n  bitter  tatFte.  Tb«  nllcAUne  MJto  an 
soluble  iu  wntcr;  the  salts  whieb  it  form§  with  tlie  alknliiie  cjirths  aad  tlit 
heavy  metaU  fire  insoluble  in  water  but,  for  the  moBt  [»«,  ax9  soluU*  ii 
alcohol,  The  iilktJiae  Uyoglykocholates  are  nlnio«t  oonipWtf^Iy  pr»ctpiut«J 
when  ihi'ir  eohitioiis  ai%  Nitumti-J  with  NivOl,  NU4CI  aail  by  olkBliw 
s(il|)hateE. 

When  boiled  with  alkaliea  or  dilute  sulphuria  acid,  hyoglykocliolie  Mid 
splite  up  into  glycncull  and  hyouliolulic  ucid  C^H^O,. 

AccordJBg  to  Jolin',  pig's  bile  coutains,  in  addition  to  Strffcker**  acU,  a 
spcond  one,  also  amorphous,  to  whioh  the  name  of  |9-hyoglykocbolic  aod 
Lufi  hiM^u  tuwigiiud. 


Taiirocholic  acid,  C«H4,NS0,. 

This  acid  occurs,  though  in  smiillcr  iina»titic--«  than  glykocholic 
acid,  in  the  bile  of  the  ox,  the  sbec-p  and  utlier  htir&ivoroiis  animaU 
It  u  the  sole  bile  ncld  present  in  the  bile  of  the  dog  ;  in  that  of  nun 
it  U  occasion aJly  absent  ^Jacobsen),  and,  if  present,  its  umounl  it 
subject  to  great  fluctuations.  It  occurs  iu  tbu  bile  in  cuiubtiuuioc 
with  sodium. 

Hodesofpra-  1.     Stf  FUxltner's  proceaa  from  the  bile  of  the  dog. 

paratlon.  Slreckcr  found  that  when  the  bile  of  the  dog  is  sub- 

jected to  the  pruOfSM,  which,  when  applied  ti>  the  bile  of  the  01 
vielde  the  ao-caJied  eryatallised  bile,  it  likewiee  furnishes  a  crystailioc 
precipitate  which,  he  surmised,  consisted  of  an  alkaline  taurochoUts. 

Hoppo-Soyler'  not  only  confirmed  the  obaervation  but,  by  de- 
composing the  salt  precipitnled  by  ether  from  the  alcoholic  extract 
of  du^'1j  bile,  obtained  taurine  and  cholalic  acid  and  further  proved 
that  the  spcciKc  rotation  of  the  taurocholic  acid  of  the  dog  agreed 
with  that  of  the  acid  in  ox  bile.  J-  Parke*,  working  under  Hoppe- 
Seyler's  direction  in  Tiibingen,  repeated  bbutie  obitervatioOH.  Tbo 
crystalline  ethereal  precipitate  of  dog's  bile  was  dissolved  iu  water, 
precipitated  with  lead  acetate  and  n  littlu  ammonia;  the  precipitate 
v/m  well  washed,  then  boiled  with  absolutu  alcohol,  the  alonhoUc 
Holutiun  Bltered  bot,  the  tiltrate  treated  with  H^S  as  long  as  a 
precipitate  of  PbS  separated,  again  filtered,  the  filtrate  concentTated 
at  a  moderate  tcmpuraturu  and  then  precipitated  bjT  a  great  exoeas 
of  ether.  The  syrupy  precipitate  consisting  of  free  taurocholic  acid, 
after  some  time,  bccumo  converted  in  great  part  into  necdlo-tduipcd 
crystals  possessing  u  silky  lustre ;  even  after  the  prolonged  action 
of  ether,  a  portioD  of  the  precipitate  refusud  to  crystallise ;  on  the 
addition,  however,  of  a  drop  or  two  of  alcobol,  the  whole  rirystallis^d 

>  S.  JoHn,  'C^brr  Aw  ShciTf-n  A«t  Schw^nogallfl.'    ZttUcltri/i  /.  pAyffarf.  Cltm^ 
ToL  II.  (Iii61),  V.  417 :  Vol.  xn.  IIB'M),  |>.  SVt.  and  Vol.  xin.  Hi«d).  p.  306. 

'  Honpe-Seyler.  Jaum./.  pratf.  Chtmie,  Vol.  uixm.  [18GS),  p.  hi. 

'  J I  Parke,  '  UvW  di<t  Tauroelioksiitm.'    Mtd.  Chintittb.  VHUrtvekunyrn  ami 
Iriih.  p!'  aiigtiFuttdU  'Chtmit  tit  Tiiliingrn,  heniil«H«gati«t)  VOB  Dr  F.  0.  Uopp»-i 
£raui  Hcifl.     UttrlUi.  1B6«.     800  pp.  leo  and  101. 
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2.  From  ox  bile  fry  precipitation  with  basic  lead  acetate.  Having 
by  means  of  neutral  lead  aceiato  proeipiiatod  the  whole  glykoeholic 
acid  {see  page  295)  a  further  additiou  of  soEutiun  of  lead  acetate  &ud 
of  aintnoQio.  causes  the  precipitatiuu  of  l<?tul  laurocliulate. 

This  precipitate  is  treated  exactly  as  waa  directed  in  the  case  of 
ibe  corrcsponiiing  aaXt  of  glykoeholic  ucid.  Thu  acid  obtained  in  this 
way  is,  however,  amorphous. 

p^rsicaiud  Taiirocholic  acid  can,  as  hm  already  bccu  stated, 
cbcmiMi  pr«-  be  obtained  in  a  crystalliue  couditiou,  though  with 
'*•"'•'-  much  "reater  difficulty  than    glykoeholic   acid.     The 

need le-shnjjed  ciystsls  rapidly  deliipjesce  in  air;  they  are  readily 
soluble  in  water  uod  alcohol,  the  solutioua  Laviug  a  strongly  acid 
reactioa.  Ou  evaporating  the  auueciu.s  solutiou  to  dryness  it  under- 
goaa  d«coui  position.  Solutious  ot  taurocholic  acid  possess  a  bitter- 
sweet taste.  Both  aiiueous  and  nicohotic  solutions  are  dextrog^Toiis, 
the  rotatory  power  of  the  latter  beiDg  greater  than  that  of  the  former. 
Sp^  Rot.  {a)D  of  taurocbolic  arid  in  alcoh.  sol.  =  +  2o''0'. 

The  alkaline  salts  of  taurocholic  acid  are  neutral,  possess  a  Caste 
which  is  first  of  nil  swL-L-t  aud  theu  bitter,  are  hygroscopic,  readily 
soluble  in  water  and  aleoiiol.  Thoir  aqueous  solutioiis  foam  like 
iiolutions  of  soap.  Solutions  in  ubaolute  alcuho]  are  precipitated  by 
a  large  excesa  of  ether.  The  Hulutioiid  of  the  alkaline  suits  are 
more  stable  than  the  free  atnd,  so  that  they  can  be  evaporated  to 
dr^DflW  without  undc^oiog  decomposition.  When  acetic  or  any 
noineral  acid,  is  added  lo  the  solutiou  of  a  pure  taurocholate,  neither 
turbidity  nor  precipitation  follows.  Solutious  of  nlkaliue  tauro- 
cholate  dittaulvu  aud  cmulaify  attioll  (luautilica  of  neutral  fata;  they 
potioesa  the  property,  which  is  probably  of  gryal  phyaiological  import- 
aoce.  of  holding  small  quantities  of  choleHlerin  in  solution. 

Aqueous  solution  of  taurocholie  acid,  or  solutioua  of  the  alkaline 
salts  of  taurocholie  acid  if  acidiBed  with  dilute  hydrochloric  acid 
completely  precipitate  solutions  of  albumin,  of  acid  albumin  and  of 
panipeptone  (autialbumat).  Solutions  of  albuinoses  and  of  peptooea, 
on  the  other  hand,  throw  down  the  acid  its«If  in  the  form  of  a  milky 
prccipitaW*. 

Potassium  taurocholate  CwU^KNSOf  is  in  many  fishes  the  only 
taurochoUte  present  (Streoker). 

Sodium  taurocholate  C,HuNaNSO,,  of  which  tiie  properties  have 
already  been  defwribod,  ha«  in  alcoholic  solution  a  specific  rotation 
(a)l>  =  +  24-5  (Hoppc-Seyler). 

mcneu  or  Taurocholie  acid  aud  ita  saltd  are  much  tnore 
dt«oKiMainoiL  unstable  than  glykoeholic  acid  and  its  salts.  When 
heated  with  alkalies  or  with  acids,  it  yields,  therefore,  much  more 
readily  ifae  primary  products  of  decomposition  or  derivatives  of  these. 

■  Putkc  </p.  eit.  p.  Itll 

■  R.  ittly  n.  K.  F.mich..  ■  U«b«r  dM  VerhAlten  dor  Uallctuwuren  ta  EiweiM  and 
PepUincii,  Ao."    JHmuK./.  ChemU.  Vol.  i.  IftiS,  pp.  Btf— L20, 
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Boiling*  with  saturated  baryta  water  or  etUI  bett«r  heating  iat 
Mftled  tube  witb  the  same  reagent,  at  the  temperature  of  boiling 
water,  caiiBes  taurochoUc  acid  to  split  up  into  taurine  and  ebotalic 
acid, thus: — 

C„H^NSO,  +  H,0  =  C;,H„0,  +  fiH,NSO> 

THUfocholioKciil.  Cholftlic  wid,        Taorioc. 

When  exposed  to  the  air,  as  well  as  in  the  oJiiocntary  out), 
iioder  the  influence  of  putrefactive  orgauisms,  a  similar duconipofiitioo 
occurs. 

BecocQicion  I-ike   glykocboUc   acid,  taurocbolic    acid   ezhibita 

ot  lanroctoUc    Petteukofer's  reaetioii. 
"^^  In  a  niixtureof  bile acida both  the  presence  and  ihp 

iiouut  of  taurocbolic  acid  are  detertiiiued  by  fusiiiy  with  a  mixture 
sodium  carbonate  and  saltpotre  and  detcrntiaiug  tbc  prcseaoe 
and  the  amoimt  of  tbc  xulphuric  formed. 

Ht/otawocholic  acid,  CaittuNSO,. 

TbiB  acid,  which  waa  forni«rl;  knovn  as  hj'ocboloic  acid  (Strecker^ 
is  the  aiiljihur-cantatninK  acid  of  )i)t;*!4  \»\f:.  It  has  not  hitberto  heea 
obtniiii'd  ill  n.  pure  ciiiidition.  When  Iwilvd  witli  iilkalieR  or  dilute  addi 
it  yields  (o*  products  of  dt>com|>o»ition  t&uritip  and  hjo<:ii(>inlic  acid,  C^H^O, 
(seep.  307 J. 

Chenotaurochotic  acid,  C^H^NSO,  (?). 

This  acid,  which  in  present  m  the  hile  of  the  gooac'.  wa«  first  iii'n*- 
tigatBd  by  Ileinti  and  \Vis!ict?nu»'  ami  thou  iiv  Otto*.  It  exists  in  thn 
bile  iia  A  andium  Bolt.  It  is  sf'p&nttM  by  thn  iin-thod  which,  witJi  ox  bil«, 
yields  Pliittncr'n  cn'staliiat-d  bilc;  the  other  prccipitatt'  is  howpvcr,  in  Un- 
case of  the  bile  of  the  goose,  at  first,  amorphous.  It  is  washed  with  » 
concontratcd  nolution  of  sodium  Milphate,  drii^d,  disaolTed  in  abMlate 
alcohol,  and  thu  clear  tilti^red  Bolution  is  precipitated  bjr  nieaiks  of  ether 
(which  oontaiBs  water).  In  the  course  of  time  amall  rhombic  tables  of 
ROdiunt  chenotaurocholate  separate,  which  when  dried  at  140*0.  have  the 
compDoitioQ  CjpH^Nii^'SO,. 

The  salt  is  diEHulv'u<1  in  water,  the  solution  precipitated  with  basic  lead 
acetate,  the  precipitate  Buspeoded  in  alcohol,  deoomposed  by  means  ct 
HfS  and  lilteml.  The  filtratt.-  on  evaporation  leavcb  the  acid  as  an  amor- 
phous roKidiie,  soluble  iHith  iii  water  and  aleohol. 

When  boiled  with  tiarium  hydrate,  oheuotaurocbolio  acid  yields  tanriiM 
and  cbcnocliolulic  acid,  CVHuO^. 

'  Hrocc  thr  tiuno  (x^r,  d  ani  i.  enDder.  Roose). 

*  UciuU  u.  WiillccQui!,  PofiH'  ■Oin.,  VvL  cvm.  p,  547. 

■  Otto,  ZiiUth./.  Chtmit,  19W,  p.  GSA. 
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Sect.  6.    The  Acids  ResiariKG  frou  tbe  Dbcomfosltion  op 
THK  Conjugated  Bile  Acids. 

1.     Cliolatic  Acid.  C^H^O,.     Stja.:  Chalk  Acid. 

Tliis  acid  is  not  a  cun.stibuent  of  fresb  bile  ;  it  Is  fuuut],  however, 
in  (k-eumpofied  bile,  aiid,  iu  minuUs  quantitiea,  in  tliiC  coutonts  of  the 
email  aiiJ  targe  intentine  anil  in  the  {&ecm.  As  has  already  been  suid, 
it  is  eliiotly  known  a.s  the  product  of  the  derotnfwsition  of  the  norma] 
bile  acids  by  alkalies  or  acids. 

■oda*  or  In  tho   prepar^ion  of  cholalic  acid,  alkalies  are 

Vftr^xutn.  preferable  to  aciil«,  inasmiicli  as  with  the  former  the 
procpss  of  dcfcnmpasition  of  the  bile  acids  is  better  under  coiitrol, 
Wlit:a  acids  are  eujplo_ved,  cliolotiic  acid,  an  anhydride  of  glyko- 
cholic  acid,  is  apt  to  be  formed  (niee  p^  297^,  and  at  n  later  stage 
dysl)tUD,  au  aubvdridu  uf  cbolaltc  acid. 

1.  By  the  Action  of  Cajistic  Baryta  on  ox  bile*.  500  cc.  of 
bile  are  treated  with  7a  grnis.  of  baniini  hYdrn.te  and  the  mixture 
boiled  for  24  hours,  on  a  sand  bath,  in  a  llaak  furnished  with  an 
inverted  condenser  (see  Fig.  20,  p.  30!)).  The  liquid  is  allowed  to 
cool  and  tiltvrcd.  Cunuuutruti^d  hydroobloric  acid  is  UiuD  added, 
which  decompusea  the  barium  chulalate  and  thmwH  dowu  iiupnro 
cholalic  acid.  The  precipitate  is  thoroughly  kneaded  in  water,  and  is 
dissolved  in  nolutinn  of  cniistie  soda  ;  it  is  then  mixed  with  SO  grms. 
of  pure  animal  cburcoal  with  which  it  should  remain  iu  contact  for 
some  days  ;  the  liquid  is  filtered,  tifjain  precipitated  with  hydrochloric 
&citl,  thoroughly  wuhcd  with  water  and  iliHsolved  in  the  smallest 
possible  quaatity  of  hot  alcohol.  The  alcoholic  solution  is  treated 
with  water  until  turbidity  appears.  On  the  ]i(|uid  being  cooled, 
cholatic  acid  ReparateH  in  the  form  of  hard  transpariint  tetrahedra 
ami  in  clumps  of  radiating  needles. 

2.  By  Bviitng  Ox  Bite  with  Caustic  Soda\  Ox  bile  is  mixed 
with  onc-fiflh  its  weight  of  a  30  per  cent,  solution  of  sodium  bydmto 
and  is  boiled  for  24  hours,  ha  in  procntts  I.  The  liquid  i»  ttieri 
saturated  with  CX>,  and  evaporated  alnioHt  to  drj-neas ;  the  residue 
is  (extracted  with  strong  alcohol,  which  dissolve*  tbe  sodium  Rilts 
of  cholalic  add  as  well  an  those  of  choleic  and  stearic  acids.  The 
solution  is  then  diluted  with  water  until  the  quantity  of  alcohol  in 
it  does  not  exceed  20  per  cent.,  and  a  dilute  solution  of  barium 
chloride  m  atldud  no  Ums  aa  a  precipitate  occurs,  which  is  then 
Sfpttialed  by  filtration.  The  filtnite  should  yield  uu  further  pre- 
cipitatv  with  barium  chloride  ;  to  it  is  then  added  hydrrvchloric  acid 
which  precipttateii  the  cholalic  acid.     The  Quid  with  the  precipitate 

'  P.  Uylina.  '  Nolis  llber  die  Dar«l«Uiui|[  uad  ZuummeDMlziini^  Aer  Gholslinre.' 
Zeifehrift  f.  ph]f*iol.  Chem.,  Vol.  in.  p.  M>. 
~  HfUiH,  dp.  tit. 
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is  set  aside,  when  it  becomes  crystalline ;  tl  is  purified  by  bang 
rccn'stallisr^J  fmtn  it»  solution  in  elbyl  alcohol,  and  dnslljr  from  ita 
soluUuii  ill  Qii^thy]  alcohol. 

Pbjrvioftiaiid         Cholalic  ncid   may  be  obtained  id  the  crjstalltM 
ohvmioal   pr»-    form,  either  unhydroiia  or  with  one  molecule  of  »«« 

Kortlof.  of  crystallisation. 

From  its  BoLutioaa  in  «tbyl  alcohol  it  separatee  ia  tho  form  ol 
colourless.  Lrauspareut  tet,rah(*Jm  or  cictah«dra,  haviug  the  con- 
position  C„H^O,  +  C"  H.O.  Analogous  crystalline  compounds  wiii 
methy)  aiid  atlyl  alcalmlH  respectively  are  ubtaiut>d  whun  it  ii 
crystallised  li-om  solutions  in  these  bodies,  it  also  forms  compoumli 
with  the  volatile  oils  of  mustard. 


Fm.  is.    CnouLic  Aco. 

Cholalic  acid  is  very  sparingly  ;«oluble  in  cold  water  requiriu 
40(10  times  ita  weight  for  sultitiou.  It  is  soluble  iu  750  p«rt«  « 
boiling  water;  the  acid  which  sE^parates  from  the  soliitiou  od  cool 
is  anhydrous  and  occtm  iu  micrnscupic  cryntals.  From  Rolutiootj 
dilute  acetic  acid, cholalic  acid  separates  in  rhombic  plates  cuutoii 
one  molecule  of  water  of  erystullisation.  The  water  of  crystalli 
is  expollocl  by  long  continued  beating  at  100° — 120"  C.  Tho  watct- 
free  acid  melts  at  Ui.i'  C.  Cholalic  acid  is  very  sparingly  solnhle 
in  ether;  1000  parts  of  70  per  cent,  alcohol  diasolve  48  parts  of  the 
acid.     It  is  somewhat  solubli-  in  glycerin  and  iu  almond  oiL 

Ijolutiotis  of  cholalic  acid  possess  the  bitter-sweet  taste  wfaicfa 
characteiisus  the  conjug&ted  bile  acids.  Cliolulic  acid  in  the  fivt 
conditioD,  as  well  as  iu  coiiibiuatiou  with  b»ses,  is  dexirogyroua. 

Cholalic  acid  foniis  crvstalliue  Mdts  with  the  alkaliue  met 
which  are  readily  soluble  in  water  but  less  so  in  alcohol.  From  i 
watery  solution  which  is  not  too  dilute  they  are  precipitated  in 
a  crystAlline  form  by  the  addition  of  ether.  The  sodium  nh, 
C^tC^^rh^tt)^'  epecilic  rotation  {a}^  =  +  31'-4.  TfaebaritinMh 
(C^,i^O,),Ba  crystalliiirs  in  .silky  needles,  luid  is  soluble  in  30  parti 
of  cold  and  "23  parts  of  boiliug  water;  it  is  still  more  soluble  in 
alcohol.     The  ready  solubility  of  barium  cholalate  is  uken  adranlwe 
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of  in  separating  it  from  the  Iilglicr  mombera  of  the  fatty  acid  series. 
The  lead  aad  silver  salts  are  insoluble  in  wrater  but  soluble  in  hot 
alcohol. 

Mjuu^  lodisa  Cholalic  acid  furms  with  iodine  a  remarkable  oom- 
oempound.  pound,  which  furnishes  ua  with  a  reaction  by  which  we 
can  disLingiiish  it  from  the  conjugated  bile  acids,  as  well  us  from 
other  acids  closely  connected  with  cholalic  acids,  as  choleic  acid  and 
liyocholalic  acid. 

OOi  grm.  of  cr^'stalHsed  cholalic  acid  di&solved  in  0*5  grm.  of 
alcohol  is  trcat(;d  with  one-tenth  of  a  c.c.  of  docinormal  solutiun  of 
ioiliue.  aud  water  is  tlieii  very  gradually  added  to  the  solution. 
The  liquid,  which  was  at  tirst  brown,  becomes  pervaded  by  a  ma^^ia 
of  microscopic  needles  which  by  reflected  light  exhibit  a  metallic 
lustre,  and  by  transmitted  light  appear  of  a  blue  colour.  This 
crnnpiiund,  like  the  comiKiiind  of  !<tarcli  with  iodine,  is  diRSociated 
with  remarkable  facility  by  beat,  and  th«  addition  of  water  suffices 
to  break  it  up  into  iodine  and  cholalic  acid. 

Ismpmeal  Cousiderable  difTerenre  of  opinion  has  existed  as  to 

ionniu»  or  the  empirical  formula  of  chnlalic  acid.     Latschinoff* 

*****"*'■*"'•  maiutaint-d  that  the  formula  of  the  acid  should  be 
C^H^O^  instead  of  C^H^O^  the  formula  based  on  Stxeckor's 
researches.  Mylins*,  however,  from  his  own  vt;ry  olahorate  and 
oondosivc  roscnrches,  as  well  as  from  the  analynes  uf  cluiiaiic  acid 
made  by  Strtcker  aud  by  Schotten'  conclusively  establifihes  that  tlie 
■empirical  fonnula  C-,H„0,  agrees  much  better  with  experimental 
facts  than  the  formula  proposed  by  LatschinofT. 
Acu«nofo«r-  I.     DeJit/drodwlalic  acid,  C^H^jOi.     By  the  action 

**"  *'**'*'^  of  a  10  per  cent,  solution  of  chromic  acid  on  a  10 — 
iSc  *ci(U  ^^  !**■-  solution  of  cholalic  acid  in  glacial  acetic  acid, 

at  ordinary  temperatures,  Hammarstuu*  obtained  the 
acid  to  which  he  assigned  the  name  [Jehydrocholalic  acid ;  this  add 
crystallL'^es  from  alcohol  in  the  form  of  needles.  It  does  not  gire 
Pettenkofcr's  reaction.  Its  alkaline  salts  dissolved  iu  alcohol  are 
precipitated  by  the  addition  of  ether  and  furnish  a  cr}'stallisatiou 
resembling  Plattner'a  crystallised  bila 

The  sodium  salt  in  a(|ucous  ifulution  has  a  specific  rotation 
1  (o)D  =  +  27"04. 


'  P.  l^tachiaod,  'Uebtr  di«  UoUennun'ri.*  Jftr,  4.  t).  thtm.  OftrlUth.,  Vol.  zx, 
(1H87).  1049—10(8;  'Cabor  dM  cmpltiwhe  FaniMl  dor  CboMur*.'     Ibid.  Tol.  ».  p. 

>  F.  HylJua,  '  Utbar  di»  ChaUaim.'    /Htf.  Vol.  n.  1968  tl  «0f . 

*  C.  ScfaotteB,  'Xnr  KpnntngK)  dvt  CliilleiuiuKa'  ZtiUckrifl  f.  ^ytfitl.  Chemi*. 
Tol.  X.  IISHSK  pp.  liJV— 217.     BrrcfLo'II.  TMruohobAuto,*  pp.  IW  «ad  18L 

*  0.  B«iiim*nii'>n.  *  t'«l>rr  Dch^nwholaliuure  cin  ncna  Os^ilftUaoMirodiivt  drr 
CbalklMore.'  .SWu  iclu  Hnf-  Sve.  StUnt.  Vjfal.,  twric  iii.  IMl.  A  fulfabflnwt  vf 
tfac  paper  bj  it*  ftuthvr  appeartd  in  Uoly*!  Jakretl/enehl.  VoL  u.  (18(0).  pp.  S18 — St£. 
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2.  Jiiltf!  Acid,  C^H^Og.  By  the  action  of  potassium  dichiw- 
mate  and  sulphuric  acid  on  cholalic  acid  Clfcve'  obtained  fciUc  adJ 
— »D  mrid  wliieli  is  devuid  of  bittor  taste,  which  docs  not  exhibit 
Petteakofere  ruaction,  which  in  sparingly  Aoliihle  in  wat<;r  but  readilj 
soluble  in  alcohol,  and  sc-jiarates  frntn  its  alcoholic  solutioiu  in 
crystals    belonging  to    the    rhombic    system.     Its    specific   rot«ttaa 

structuna  According  to  Mylius  cholalic  acid  may  be  repR- 

ftormula        of    sented  by  the  formula, 

(CHOH 
C»H„4(CH,0H), 
( COOH. 

This  fonntila  does  not  attempt  to  explain  the  stncton 
of  the  niideiiii  of  cholacic  acid,  but  to  indicatv  ihu 
cholalic  ncid  is  a  monobasic  acid  in  which  are  two  pritnu^ 
alcohol  groups  and  one  secHindaiy  alcohol  group.  The  hvpothetial 
relation  according  to  Myliiis'  between  cholalic  ncid  and  it«  dferivatint 
is  exhibited  ill  the  iLree  subjoiued  structural  furmuUe  (Mrlita, 
slightly  modified  by  Ncumeister*) : 

CbQlalic  aoid.  Dohydrocholalio  acii],  Cilic  meii, 

OuUmOi  C^HaiOa  C'MHuOt 

COOH 
COOH  COOH  COOH 


cbolallc     Mid 

ttoa  to   dehy- 

drocliolUlo 
Mia  Kim  biiic 

Mdd. 


CH,OH 


Cs,H„ 


,H 

'O 

^O 


Uo  aold.  ■  pro- 
dnct  or  the 
rviluctloD      of 

eholailo  acid. 


From   bile  which   bad  been  decomposed  by 

action  of  ptitri'Tactivi-  bacteria,  Mylius*  itep&ra 
addition  to  choluLic  ncid,  an  acid  with  the  com 
CmH«,0(,  to  which  bo  osi^igued  the  uamc  defloxycholaUc 
ucid,  indicating  that  it  diflfors  from  cholalic  acid  id 
containing  less  oxygeti.  He  al»o  obtained  this  acid  by  catuiog 
wdium  rholalate  to  digest  for  some  days  at  about  40"  C  with  deeott- 
posing  pancreas. 

'  P.  T.  Clcvc,  'Bai  l«  produitii  d'oayiiatioD  dn  I'acidc  obolaUqnc'  JML  StL 
Chimifttc,  VoL  ixiv.  973— S79,  4S9 — iSH.  Abetract^d  in  MmI/i  Jahrwbfricht,  VgL  lb 
(IWSI,  p.  815.     Tho  Author  liw  not  mcd  the  oriftinil. 

*  UylidB,  '  U«bi<r  diiT  iMioUiium.'    Ilfr.  d.  it.  /tifm.  GrulUeh.  \a\.  xz.  p,  19G8  ft  af. 

*  HmiaoiBter.  Lrkrlmth  drr  phjfiwlonuchen  Chemlt.  EttUa  Theil,  189S,  s««  ^  in 

*  M^Uui,  '  Debar  die  ChalMoro.' 


br  te 

-at^a^l 
ipottflV 
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This  acid  powit^iseit  a  pure  bitter  ta»te,  devoid  of  the  Hweet  taste 
which  is  cbaractemtic  of  cbulalic  acid  and  tlie  conjugative  bile  acids, 
It  is  much  more  readily  sohible  in  cnid  alcohol  than  cholalic  acid. 
Oa  spoDtaueous  evaporation  uf  the  alcoholic  solution  u  syrupy  rcisidue 
i»  obcaiued  which  slowly  crystal li)tes.  The  acid  luelts  at  tt^mpemturox 
between  160"  and  170'.  Its  alkaline  salts  nrc-  readily  soluble  in 
water  but  [KJBueaB  a  charactLT  which  distiuguialies  them  from  the 
mlkNlioe  cholalatci;,  viz.  they  arc  precipitated  from  their  solutione  in 
an  uily  tann  by  the  addition  uf  10  per  cent,  solutions  of  soilinni 
hydrate.  The  barium  salt  of  this  acid  dis&olved  in  very  weak 
stilutiuna  of  atnmooia  ix  precipitated  in  the  cold  by  barium  chloride. 

Anhifdrides  of  Chotalic  Acid^  When  bile,  or  nnc  nf  the  bile 
acids  (preferably  cholalic  acid),  is  subjected  tu  long  cciitiiiued  boiliog 
with  hydrochloric  acid,  or  when  chulullc  acid  is  heated  tti  300°  C. 
(Btxecker'),  or  according  to  Hnppe-Keyler'  only  in  200°  C.  a  dark, 
reHuuus  body  is  obtained,  which  is  insiiluble  in  water,  alcohol,  dilute 
acidrt  and  alkalieH,  but  which  m  sparingly  soluble  in  ether  and  soluble 
in  Of^ueouR  .lolutinnii  of  cholalic  acid  and  its  alkaline  xaltA.  This 
body  which  received  its  name  from  BerKelins,  who  first  obtuiuvd  it 
in  nn  impure  condition,  and  was  first  investigated  by  Strecker,  is 
dyslysiii  and  ban  the  compdwition  CnH^O,.  The  body  is  obviously 
an  auliydride  of  cholalic  acid,  from  which  it  differs  by  containing  two 
mniecules  lesa  of  water,  and  into  which  it,  nan  be  reconverted  by 
boiling  for  an  hour  with  an  aleoliolie  solution  of  pota.'^uin  hydrate, 
when  it  paKaes  into  iKiUition ;  this  reconversion  also  occurs  on  fusion 
with  potassium  hydrate.  From  the  potassium  cholahtte,  thus  re- 
generated. p[ire  cholalic  acid  can  be  obtained. 

CHoloiJic  Aci(J  CmH„0^7  7  Ky  lliiii  iiiiino  has  been  denoribed  and 
■niil>>ed  by  Hrvvnd  clirniioUi'  a  niibetjince  obtiiint^il  by  thiv  action  of  acids 
on  oliolaliv  acid,  of  wtiJcli  thu  coiiijiOHitioii  nwirly  ugreeK  with  llie  foriiiiiia 
OmH,0,,  presumably  an  anliydriilo  of  oholAlie  ncid,  differing  from  it  by 
ountHiuiui;  one  molcculf  lis»  of  wut«ir,  wbllHt,  as  vtc  Iwvu  aten,  dywlyiiin 
ooataius  two  motecitltw  Ihns.  Kop|jt-8''y1er*  Iihh  nbvwn  that  it  ix  iinpos- 
nbl«,  by  th«  meana  whicb  wltk  «in[>loyed  to  separate  it,  to  obtain  a  piir« 
HubHtnnce,  aixl  li«  liua  hIh^wu  tlint  choloidic  acid  ia  m  mixture  of  dy»lvtitn 
MDil  cholalic  ncid,  mid  that  thi^t  elioloirliiri'ii  am  chulalMLea  railed  witlt 
clyHlysia.  Proluibly,  liowev^r,  ii«  Ho|ip.'S<-yli'r  poiiitB  out,  such  an  anhy- 
dride HH  eholoidii:  acid  (t-'^i4lInOJ  actually  exista,  though  no  proof  of  ike 
£tcLhiui  liitlit?rbo  Ihh^u  furiii)JiiMl. 

Uifockulalie  Add.  C^H^O,. 

1)  obtained  by  deiMtnipoaing  kyoglycocholic  acid  by  }>oi1ing  it  with 
boriutu  hydinttt.     It  ban  b«vn  obtained  in  the  form  of  warty,  cryatalllne 

1  Vrem  Ji>r  And  XC»m;  *o  ealli"!  becauu  of  lu  inHolabilit;  in  wator  and  aleohoL 

*  HmokOT,  Annnffn.  Vol,  \.\tu.  (1N4H),  p.  1  el  ug. 

'  Uoppe-8«y)ar  qiioMil  by  MaIv,  Itrrnutnn't  Handbueh,  Vol.  *.  n.  p.  189i 

*  Hup|M:-&«yW,  Phytioiogiteht  Clitmir.  p.  291. 

20—2 


J 


ao8 


OLYCOCINE. 


[BOOCIL 


DUBaea,  which  ant  n>«<lt1y  sulublu  in  iLlcohol  nnd  ether,  bnt  twt  in  wila. 
It  fxhibita  PutUtnkofer'a  re&ctioiL  When  boiled  with  hydn>cUoric  tai 
it  yicldK  Ml  Mulijrilride,  Iiyodyal^tiin  CuHaO,. 

Chenucholalic  Acid,  C„H^O,. 

Ib  otitaiued  \»y  decoinpoidiig  taiirochenioclinllc  ucid  bv  Ixniiii]  vilb 
barium  hydmto.  The.  nelA  ooctira  usually  in  n  rasinoiw  form,  but  luibaa 
vtihtiued  in  <?ry8tAli;  by  nddinj;  wnt^r  t«  the  alcoholic  solution,  the  ojitA 
liiuition  tttking  fjlace  after  &  lon^  period. 

Cbeti'iuUolic  acid  i»  iDKa1ul>l<'  in  water,  bnt  raadiljr  (kolable  in  itooU 
•nd  etli«<r.  Its  bikrium  Mit  {C„H^O,):,BfL  in  i&itolublo  in  water.  Ctm^ 
cholalio  acid  Dxhibits  Pcttoiikofor'a  reaction '. 

■   Fellic  Add !  t 

Accoi'ding  to  Schottcn',  there  ia  obtainad  by  tho  dccomi>o8itioa  of  Iki 
Hie  acida  of  man,  in  addition  to  choUlic  acid,  an  acid  to  which  be  ma^ 
th*  formula  CsH«0«. 

Ckdeic  Acid.  C.H.O,/r 

According  u*  Liit«chiiiofl*,  when  the  bile  acida  of  tbi?  ox  are  iron- 
]MMc>cl,  in  adaitioi]  to  normal  cholalic  acid,  thera  is  obtained  an  add  ■ 
which  hf  liiM  usaigiied  tlie  above  tmuie  aitd.  formula,  and  th«  barivsi  all 
of  which  M  iimnliililf.  Kurttitrr  und  iiidepriidRiit  rcacarchcx  ore  no^xM  m 
order  tn  prove  whi-lher  tliiit  iwid  is  not  a  MMonJary  product  and  whetbv 
thv  above  forinitin  correctly  rcpreoents  it«  cotD|io»itiou. 


Sect.  7.    Tbe  Amido-acids  which  result  from  the  dechw- 

SITIOK     OF    THE    CONJUGATED    BiLE    ACIDS;      GlyCOCI.VI  iSO 

Tacrine. 

Glycocive*  <C,H,NO,). 
[Amido-acetic  acid  CH,(NH,)C0OH.) 


Oconrrcaoo. 


Glycociue  has  only  boea  found  uncombinetJ  (0"4— 
0~T  per  cent.)  in  tKo  muscular  tissue  of  Pecten  irradim 
(Chittenden)*.     It   is  obtainud  as   a   priniury   product    of  the  h- 


'  C«ii«olt  on  Cbonopkulnlio  wAi.  UciotK  u.  Wialicoiu*,  Poffetid,  Innifn.  U 
Ovra.  p.  SIT.     Ott«,  Xeittehrift  /.  Chciuit,  18M,  p.  H35, 

'  BdiotUin,  'Zar  Konntnlui  dnr  GalknaniirAn.'  XfiiAthri/t  /.  pAy*M.  Chiait, 
VoL  X.  IliSrHi}.  p.  175,  ojul  'Uvtiur  liju  Saurnn  Avx  meniHihliehati  G&Ue.'  IhvL  Tol.  B 
(1887),  {),  208. 

'  1'.  LuucliiDoff,  -  C«b«-  i-inc  (I«i  ChaloMurs  naloie  DeD«  Saure.'  Btr.  A  4 
ehtm.  tiatlUK  To].  »vui.  (1685),  p.  3000;  Vol.  zri.  (18951.  p.  IHO  :  Vol.  tx.  |U*l 
p.  1013. 

<  Oriftitiull}'  gljeoeoU  (yXkkiIi,  hvfiwI,  an.l  *iA\a,  glue),  ttom  Die  Cm!  o(  IM  bdlC* 
Hwn-t  bndy  obtained  by  Ihu  il<<ci)tn position  of  g^liitl5»  {OX  glae). 

'  Chitu-ndi'D.-'CuntnbutioiiH  tmm  theShellielcl  ' -'-rr'— rtf  Tnli  Trinip'TTn  T 
From  the  American  J-mrnal  ii/  Sciente  and  Art.  Vol.  x.  JoJj  1875.  Tll»  Anifcdr  ha 
not  iHwn  the  uriKitwl  pnjicT.  of  which  a  luuK  iktiHtraol  appearml  in  Milj'iJaJtiailinffl 
VoL  V.  p.  201  ft  Kq. 
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^campontioQ,  by  acids  and  allielics,  of  cljkocholic  acid,  of  hyoglyoo- 

^«holic  acid  aad  of  liippuric  acid.     It  is  also  one  of  tbe  products  of 

•Hix-om pavilion  obtaiiii^d  wIil'ii  gotiLtine  i»  subjected  to  long  boiling 

with  barium  livdratc,  or  with  dilute  sulphuric  acid,  as  well  as  wLou 

it  under^ot-fi  dig'L-stiuti  bv  trypKiii.     It  is  also  yielded  wlitiii  tibroiu 

^■(one  of  the  coDHtitue[it<4  of  liilk)  i^  subjc^ctod  to  ScbUtecuboriger's 

N,  and  when  iipongin  is  boiled  with  dilutv  mulphuric  acid. 

M«iu  «f  ^"     ■^'■""^  gly^'ocholic  avid.     Pure  glykocholic  acid 

BTCMnUoo.  ^^  added  to  iw  saturated  solution  of  barium  hydrate 
aad  the  misture  boiled  in  a  flask  with  au  inverted 
couduOBcr  for  uight  lioun  (sue  fig.  SO).  The  liquid  huviug  bcuu 
allowed  to  cool,  Kulpliuric  acid  is  added  to  it;  this  precipitator  butli 
chulalic  acid  aud  banuiii.  Tliu  Sit  rate  cuiituiaing  un  excess  uf 
laulpburic  acid  is  heated  with  pure  barium  carbunate,  aud  theu 
filtered.    The  filtrate  is  concentrated  and  set  aside  to  cr\stallizo. 


Pm.  90.    Puai,  rLM«»  cm  sum  tan,  t^a  rinsn  trira  ui  nftxtta  coxf  KfUii. 


2.  From  hxppnric  acid.  Glycocine  ia  moat  ecoDoiuicnlly  as  well 
as  most  readily  obtiuned  by  ducouiposiag  hippuric  acid  (beuioyl- 
atnido-acctic  acid),  by  boiling  it  with  hydrochloric  or  sulphuric  acida, 
'J  he  reaction  which  occurs  is  repreiwDted  by  the  followiug  ci|uatian  ; 

C,H,.CO.NH.CH,.C00H  +  H,0  =  C.H,  COQH  +  CH,.NH..COOH 
Uippnrio  Kid.  Beaioic  Mid.  OljraooiDe. 
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The  deoompoftitioD  should  be  efTecteil  in  the  Apparatus  shewn  in. 

20.  One  part  of  bippuric  acid  is  boiled  in  it  for  10 — 12  hourSl 
n-ith  four  times  it«  woij^ht  of  dilute  sulphuric  acid  (1  of  acid  to  ti  or 
water,  by  weijjht).  At  the  end  of  this  tiiun,  the  contenta  of  the 
tiafik  arc  poured,  with  catUion'.  into  a  cApKule,  allowed  to  wttte  for 
24  hours,  and  then  filtered.  The  henzoic  acid,  which  has  separated 
out,  is  washed  with  cold  water,  the  filtrate  is  concentrated  by 
evaporation,  and  shaken  with  ether,  so  as  to  free  it  from  nil  traces  of 
benzoic  acid;  the  acid  solution  is  then  lai^ely  diluted  and  exactJ^I 
neutralised  by  meaus  of  bttrium  hydrate  (or  by  heating  with  barium 
carbonate).  The  precipitate  ie  allowed  to  settle,  washed  by  de- 
cantatiun  with  boiling  uat^r.  tht;  Bltratc  cuuci-utratiKl  by  uvuporaliou ; 
ia  the  event  of  an  excess  of  barium  hydrate  haviuf^  been  added,  <JO, 
is  pujwed  through  it,  the  liquid  boiled  and  then  filtered  and 
concentrated  until  crystals  commence  to  form  on  the  surface. 
The  liquid  is  then  set  aside  to  cryHtallise  during  24  houre ;  the 
mother  liquid  is  separated  from  the  crj^taU  and  again  concentrated, 
the  pnicejB  being  repeated  so  long  as  crystals  continue  to  separate. 
The  plycocine  thus  oDtaincd  is  purified  by  being  recrystallised  from 
water'. 

Glycocine  may  bo  syutheticftlly  oblainod  by  various 
methods.     The    most   intca-Bliug   is    perhaps   by   the 
action  of  ammonia  on  broinacetic  acid  or  on  chloracetic 
acid,  the  niactionH  being  shewn  in  the  fullawing  equations: — 

(1)  CH,.Br.C'OOH  +  .NH.=  CH,.NH,.COOH  +  HB. 

(2)  CH,.a.COyH  +  2.\H,  =  CH,.NH,.COOH  +  NH,CL 

Fiml«luid  Olyc^iciiia  occurfi  in  fine,  hard,  colourless,  crystals, 

~'^*''*'  "'"*'    unaltered  by  exposure  to  air,  and  which  present 
form  either  of  rhombnhcdra  or  of  four-sided  prisms. 

Fid.  21.      QliTCOCRIB. 

'  Osntion  l>  needed  lo  svuid  ipnrttiiR,  aa  ivh^n  elm  hoi  liquid  la  nouicd  iato 
otpnJo,  the  beaxoic  acid  wliidi  hiwl  Iifuu  iu  a  mellnd  (uil^j  oonilition  iiuddcnlj  aolid" 
Uii  violotit  cliulliLiDn  i-iinuen. 

'  Thi>  <t6!<ctiption  of  thiH  procvffii  is  tnkcii  nlmoat  vcibatim  frgm  Drvobaat't  inlH- 
lung  tvr  VartuUunQ  ph^tioCogiteh-chetniuher  I'ra^pantte,  p.  9. 


SynUiaala  at 
llrcodn*. 
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OLYCOCINE,     TAURINi:. 


SU 


Otyoncine  poRResse-t  a  sweet  taste ;  it  is  soluble  in  4*3  parts  of 
r*W*ter,  very  slightly  suluble  iu  spiritfs  of  wine  and  insoluble;  in  cold 
[absolute  alcohol  and  ether:    it  is  very  sparingly  sululile  in  boiling 
Icohol.     Ite  soLutiuDS  possess  an  acid  reaction.    Wheti  heated  to 
(2* — M6*C.  jflycociue  bycointa  brown,  evolves  pm  bubbles  and  melts, 
solution  of  glycociue  is  coloured  red  by  ferric  chlonde. 

eomiKiundB  Qlvcociue  forniK  compuumls  with  acids,  with  bases 

'  tfiy^'O^'-       and  with  neutral  salts. 

1.  Wlien  a  solution  of  glycocine  is  treated  with  uu  excess  of 
[■of  nC'l  and  evaporated  on  iho  water  bath,  it  yiplds  crystals  of  the 
jliydroi;hl«rutc  having  the  cumposition  0H,NH,COOU,  HCI,  which 
[■are  readily  soluble  iu  water  and  in  alcohol. 

2.  Boiling'  soliitions  of  glycocine  dissolve  freshly  precipitated 
[«upric  hydrate,  and  deposit  on  otoling  dark    blue    needles,  which 

are  insoluble  in  alcohol,  and  soluble  with  difficulty  in  cold  water, 
tnd    which    have    the    eompiiHitiun    represented    by    the    fenuula 
KCH^NH,)COa)jCu  +  H,0.     Similarly,  by  substituting  silver  uxide 
for  cnpric  hydr»t«,  there  is  formed  the  compound  having  the  com- 
position CHi(NH5)CO0Ag 

3.  Cilycocitio  fonns  ctyBtalline  compounds  with  chlorides  nitrates 
Land  sulphattis.  The  following  are  examples: — CH/NU,)COOH, 
.AgNO,:    2(CfUNH,)C00H).BaCI,. 


Hat&oda    of 
IdastUe^Uon, 


Having  separated  glycocine,  it  is  recognised  by  its 
crystalline  form,  its  great  solubility  in  water,  its 
iDaolnbiiity  in  alcohol  and  ether,  and  the  solubility  of  its  crvstalHae 
hydrwhlorate  in  alcohol  Further,  if  lh«  iiuantity  of  the  body  be 
sufficient,  its  ta^te,  the  reaction  which  it  exhibits  with  ferric  chloride, 
the  formation  of  its  Cti  cumpuund.  aud  ItM  decomposition  by  nitrous 
acid,  with  evolution  of  X  (f?ee  general  reactions  of  amido-acids,  p,  231 ) 
ill  furnish  confirmatory  evidence. 


Taurine.  C.H,NSO, 
(^'Amido-ethtfl-sutphonic  acid,  H,N.CH,.CH,.SO,.OH). 

^^  Since  taurine  was  obtained  as  one  of  the  primary 

prmluctti  of  the  decomposition  of  taurocholic  acid,  under 
the  influence  of  acid<t  and  alkalieH,  it  has  been  shewn,  by  Limprieht 
and  by  Jacobscn.  to  occur  tn  miuute  quantities  in  the  muscles  of  the 
horse  aud,  by  Valenciennes  and  Freiiiy.  iu  the  muscles  of  molliisca. 
It  is  only,  however,  by  decomposing  bile  rieb  in  taurocholic  acid 
that  it  can  be  obtained  iu  any  quantity. 

VMhiod  of  A  little  strong  hydrocJiIoric  acid  is  added  to  ox-bile 

pr«p»r»Man.  «>  «  to  precipitate  its  mucoid  nucleo-albumin.  After 
ibis  has  been  sepnrated  by  liltratiou,  a  little  more  strong  hydroehlorie 
acid  is  added  and  the  liquid  ii  then  boiled  for  aome  hours  in  a  large 


[Booxn. 


capsule.  Having  beeo  allowed  to  cool,  the  acid  supernatant  liqui<l  a 
dtouiitetl  from  the  hard  rusinoid  niasa  wliicli  ailheri?8  to  the  botunn  of 
the  capsule,  ami  is  further  concentrated  by  evaporation  nnd  then  »t 
asidt*,  until  tTie  greater  part  of  the  sodium  chloride  in  »olutioa  hu 
crystallised.  The  cooled  mother  liquor  ifl  then  treated  with  siicng 
alcohol,  which  caiiseii  a  separation  of  taurine  mixed  n-ith  some  ndium 
chloride.  The  substance  which  thus  separates  ia  washed  whk 
.ihi^oliite  alcohol,  dried  and  dissolved  in  the  smallest  jpOMible  quinlitT 
of  boiling  water,  which  on  co&lin;sr  deposits  taurine  m  fine  foar-«iW 
prisms.  By  repwitt-d  crysUiUinatiun  the  Bubstanoe  ia  obtaioed  Jrae 
n^jtn  all  traces  of  sodium  cblorideS 


SimttiaCto 
Conaallon. 


Taiirint*  niny  bp  obtained  by  the  action  of 
on  ^-chlorctliyUuI phonic  acid. 


CH,CI.CH,..SO..OH,  +  2NH,  =  CH,(NHJ.CH,.S0,.OH 


jS.ohlorethvlBulplui&io 


AmldMthylsiilpbonia  Mad 
or  Unno. 
+  NH.CI 


It  may  be  bX&u  ohtained  by  adding  an  excess  of  sulphurous  acid 
to  a  aolution  of  vinylamiii  and  evaporating  oti  the  water  bath. 

CH,  SO,.  OH 


CH-NH, 

VuiJ'lslDill. 


*], 


CH,-SO,.OH 


=  1 


Sulphuioua 
uid. 


CH,-::^H, 

Ttnnns. 


Phyrioalud  Taurine  crystallises   in    colourless  ahining  pfwnw. 

'iuir^  "^    "'"*''  *'"*^  ^^^^  ''^'"SC  ftnd  havf^  four  or  six  sides.    Ii 
is  soluble  ia  from  15  to  16  parts  of  water  at  ordinan 


>  DnohMl.  AnUitanf  tur  DariteUung,  A&,  p.  U. 
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tcmporatur«fl  and  id  a  much  sm&ller  volume  of  boiling  water.     It  IB 
insoluble  id  absolute  alcohol  and  in  ether. 

Tnurine  is  tasteless  and  its  solutions  are  neutral  to  test  paper. 

When  boiled  with  HCI,  or  pure  HNO,,  it  is  not  deconipi»sed ; 
■when,  however,  it  ta  boiled  wiln  a  stnmg  alkaline  ley  it  evolves 
acetic  and  sulphuroiu  acids,  but  no  alkaJiDc  sulphide  is  formed. 
When  fused  with  a  mixture  of  nitre  and  sodium  carbonate,  the 
sulphur  contained  in  taurine  is  oxidiaed  to  sulphuric  acid,  and  from 
the  iMuount  of  the  latter  formed  the  quantity  of  taurine  may  be 
determined. 

Metallic  salts  added  to  ttolutions  of  taurine  cauno  nn  precipitate. 
If,  however,  moial  mercuric  oxide  is  gnulualtj  addi^d  to  a  bulling 
solutiou  uf  tauriuo  a  compound  of  taurine  and  mercuric  oxide  falls 
which  in  white,  almost  insoluble  in  water  and  (juite  insoluble  in 
alcohol. 

ZdotUoaim  This  depends  on  the  crvstalline  form,  a  study  of  the 

*"*""*"*•        solubility  and  the  determination  of  the  preeence  and 
amount  of  sulphur  which  the  body  contains. 


Sect.  ».    The  Bile  CoLouBisa  ik[ATTEa.s. 


I 


Ilietoi-ioat  Introduction. 

The  colour  of  the  bile  aitracl^d  tlie  atientiuu  of  the  physicians 
of  antiquity  and  even  before  the  days  of  Acientitic  chemistry  surau 
observations,  nut  wanting  in  accuracy,  had  been  made  on  thu  changes 
which  the  colour  of  the  bile  undergoes  under  the  inlluence  of  putro- 
faciion,  in  the  presence  of  air,  and  under  the  inflnence  of  anids'-*. 

Thenard,  early  in  the  century,  described  a  yellow  colouring  matter 

'  liefer  lo  an  ft«oount  of  Lkc  bilo  in  GAorg  Henernikn's  D<r  Annrg-Gcltthrhrit 
Voelort  i'hytMosii.  Drtlter  Tlivil.  Cw|N.'nbi*f;vti  itiiJ  l.«i[i«i|r,  Uw  Friodrich  Cbriatmn 
iVII.  17S.1,  "  Dm  Di«rokirUrdig>U  hiswr  iai,  dm  wlUfir,  via  ilsr  Hprr  Reifer  neboa 
•  acotnerclut  ('Do  ortn  M  prapflun  UUa  OTsllcfte.  |  IS')  dunh  Bf^miMihiutg  dm 
HptriluK  iiitrl,  Kiliii  unJ  OIl'L  vilrimll,  »o  beaondcn  Uu«  Farbe  verwandelt,  daaa  mit 
dfroi  iTitnn  irtnl  am  (tat  (iiitien/iliekUrh  Krtln,  Acl"  p.  7M,  UeaermuiD'H  book  is  one 
ol  the  mint  icmitrkaW  uiJ  itiHlruclive  uf  llie  ph)r<ioloKtoal  tm^SMol  tliclMteattiil?, 
b«th  on  accniiQt  of  llie  M(]uaiotM)M  uf  iu  KuUiirr  witli  tlie  titemtun  ut  hia  tliuc  and  of 
liisphilowphical  BEid  ohgiual  rivw*. 

•  H*U«r  in  th«  chapter  in  «hioh  ht  lr«au  «(  tbe  action  of  aeitlx  on  bilp.  ■  Ut  ae 
liabaat  id  acida,'  hoa  Kimo  reiuarlw  which  prove  coneluiirHljr  lUat  lotui  tiuforw  Uie  tinio 
of  Lacjmld  Omelin  the  action  of  nitric  acid  on  tlis  Uliaijr  ooJonrlng  inatian  bad  Ihmh 
otaerovd,  altfaooKh  tbe  '  pUy  uf  coloun '  which  coDalitntaa  '  timeJin'a  nacUon '  had 
not  b6Hi  diMribad :  "  Spiritu*  uitri  tiilrrn  nfficuuina  4<V*I<  <>*  Tirideii  *t  dari  snimi  in 

ana  aabaUatat.    Vlridain  fecit,  quau  fiaia  lucrit Cum  a']iia  foftl  alias  arboaonlaa 

Tiridaa  aalaa  atinl ;  vt  irmmmi  in  tuixlo  lubaedil.  In  aluB  imto  mera«iana  aeiili 
•xamplia,  biUa  in  coai^tun  uoaram,  viridu  i««ina«  Minilia,  abiit,  ta."  KUm^nla 
Phfiialoffitu  eorjtont  Aunuiai.  Auctaro  llbarto  v.  HaUar.  BsriMa.  8iuii|)t)bna  Soeivtatia 
Tj-pof  laphleae,  kdccuov.    Vida  Tom.  «i.  p.  SS4. 


RATtLY  RESIARCireS  OS  THE  BFLE  COT>OTmmO  MATTERS.    [WKtl  V. 

(Matif^re  jaiine  de  la  bile)as  nharacteriittic  of  the  bile',  and  L.  Gmdin 
ID  the  researches  of  which  he  published  the  results  vitb  TiedetoKmi*, 
Btmlied  with  some  cure  the  properties  which  this  colouring  iiiHtLtT 
presenteJ  iu  tliti  bile  wf  the  dog.  He  shewed  that  when  hjdrocbloric 
acid  is  added  to  bik-  coufuit^d  over  mei^ciiry  its  colour  undergoes  nn 
porcvptiblv  chaDge,  whilst  if  oxygtfn  bt  admitted  the  bile  gredtull^ 
assuuie^  a  green  colour.  He  pointed  out  that  when  uitric  acid  b 
added  to  bile,  chaoges  iq  colour  occur  in<)tantaaeou8lj  and,  uuder  tlu 
nxiiliNing  influence  of  this  acid,  without  the  intervenlion  of  atmo- 
spheric  oxygen,  He  discovered  that  nitric  acid  occasioned  a  npid  ! 
succesAJoii  of  tints — -first  green,  then  blue,  violet,  and  last  of  all  i 
yellow  or  yellowish  brown — that  tho  vciy  tints  of  the  raipbow  pw- 
aent  tliemselvas  to  the  obsurver.  "Man  versetze  Calle  mit  so  viel 
Sal petersaure,  dass  die  blaue  F&rbung  eintritt,  UbenAtti^  mit  Kak 
uud  gitsse  dann  Vitrioliil  in  liiiireicheudcr  Menge  hinzu.  so  hat 
man,"  he  quaintly  adda  "ein  Stiick  vom  Rygoiibogen.'*  From  the 
date  of  this  description  the  successiim  of  tints  which  the  bile 
eulouring  matters  exhibit  wlien  truateil  with  nitric  acid  bas  reeeireJ 
the  name  of 'Guil-Hu's  reaction.' 

It  was  Berzeliua*  who  first  attempted  the  scientific  study  of  the 
colouring:  mutters  of  the  bile.  To  the  brownisb-yellow  colouritif 
matter  charaL^tcriHtic  of  tho  bile  of  man  and  the  camivora,  he  appliea 
the  term  cholepyrrhin*.  though  he  confessed  himself  uiiaule  to 
separate  it  in  a  stale  of  purity  from  tha  bile  itself,  studying  ite 
properties  as  observed  in  soUitions.  or  as  he  extractoil  it  from  the 
deposits  which  occurred  in  the  gall  bladder  or  from  gall  stonea. 

He  described  cholepyrrhin  as  a  uilrofienous  body  of  a  beaudfnl 
rod  dish -yellow  eulour.  tasteless  and  without  odonr,  very  sparinglj 
fiohibic  in  watpr  and  alcohol,  and  most  readily  dissolved  Jn  dilute 
soliilioiiK  of  caustie  potash  or  soda.  He  observed  that  these  alkaline 
eolntion.';  of  the  bile  colnuring  matter  absorbed  ntmosphcric  ox,ygoa, 
that  the  iiqiiiil  gradufilly  became  green,  and  that  wbeu  acids  were 
then  added  to  it  the  colouring  matter  waa  precipitated  in  green 
flakes.  Ho  described  thltt  eolnnring  matter  as  in  all  reapec!tA  sindUr 
to  chl'jrophyll,  the  colouring  matter  of  leaves,  with  which  he  believed 
it  to  bo  ideulicitl.  As  occurring  in  the  bile  he  termed  it.  howerer, 
biliverdin'',  and  be  Indicvcd  that  the  preen  colouring  matter  found  in 
the  ijorma.1  bile  of  the  Imrhivora  was  produced  from  bilirubin  by 
processes  occurring  within  the  body  which  were  identical  with  thoM 
which  he  had  stu<lieil  in  vitro.  ^^ 

•  Tiienaril.  ■  wemoin)  «iir  In  Bil»,"  lu  i  riotlitnt  le  X  florfa.1,  (in  18.  in  attmolmli 
Ph^ti-tiit  *l  dt  ChimU  tit  lit  Saci^U  iVAratril.     Tome  i.  Fans,  IWH.  tee  pp.  S3— i3. 

'  Tii^lCRiikiin  nml  litncltn,  I/ir  I  'iritauawj  iiofh  I'mitehm,  Ifijifi,  p.  79. 

'  Ilrrz.i'lLiiK.  M^:  t)i<^  anRnnnt  uliich  ho  Riven  of  hin  n-Buarctm  11)  hi*  artMla  *OkUe' 
in  Wa((iift'«  ihiniin-'"  ttriukh  tkr  I'lii/tiohtiie,  Vol    i.  p.  Wi. 

'  Kruiii  x^^Vi  ^'l»  ""'1  '"pfiif,  tkWDT,  raddi'h  ycUovr  (duk«r  thul  {«»M«).  Tb* 
nam<i  givon  hy  Bflrxelius  appnars  hath  on  Dlyiuuluf^LCuJ  sod  d«eriptiv»  groaadi 
pivforsUp  to  th«  ono  wliiah  had  >iUpptanl«d  H,  «ix.  Bilirubixi. 

'  '  Icb  babe  ee  in  diraein  Zuauid  DiUverdin  tceasnnt.'    Scnteliua,  to.  eit,  p.  633. 
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BerzeliHs'  sulieequently  separated  bUiverdiD  from  the  precipitate 
which  barium  chloride  throw*«  down  when  added  to  the  bite  of  the 
ox.  and  lit^  vjiine  to  the  conclusion  that  the  body  thus  ubtaiiied  was 
also  identical  with  chlorophyll,  an  eiTor  which  was  perpetuated  almost 
to  tiur  own  days. 

The  strictly  modem  renearches  on  tho  bile  colouriny  matters  may 
\*e  said  to  date  from  the  )iive9tigation»  of  the  colouring  matter  of 
gall  Htones  by  Heintz";  shortly  ftfterwards  Valontiner*^  discovered 
that  the  bcxly  which  Berreliiis  Iiud  termed  cholepyrrhiu,  and  Siinuo 
and  Heintx  biliphain  and  which  we  now  t-erm  bilirubin,  ia  very 
solubk-  in  cliluntform  and  that  fmm  its  uhloroformic  solution  it  cuu 
be  obtained  in  the  form  of  redilish-yuUow  mi cruwupic  cryBlala*.  Il 
is.  huwvver,  tn  th«  thorongh  researrhca  of  iSladeler  that  wc  owe  the 
most  complete  investifjntion  nf  the  bile  colouring  matters*.  To  thcKO 
and  fiiibeequeot  reftearches  we  shall  incident^ly  refer  in  discussing 
the  individual  bile  colouring  matter.'*. 


f 


Siliritbin  C„H„N,0, 
(Synont/ttu :   Cholepi/rrhin.  Biiipharln,  BiUfalvin,  ffiemakiidin*). 

Bilinibin  oorurs  in  the  yellow  or  reddish-yellow  bile 
of  man  and  carnivorous  animals,  in  the  bile  of  the  pig 
and  occasional ly  in  the  bile  of  the  h(?rbivora  which  have  been  long 
wiLbuul  food.  It  also  occnni  In  the  contents  of  the  small  intentine 
and  is  a  normal  constituent  a(  the  blood  Hunim  of  the  horse*.     It  is 


o«cumaM. 


Vcbcnelist  von  K.  Wiihler.    8  AuJI.  (I>mulen 

Pogg«ndoTfl  '■ 


'  Dtn«Uiu,  T.ekrfnteti  dtr  Ckemie. 
uad  L«i[<xiit|-     Vol.  ».  (ItMO)  p.  3ei. 

'  H«iDU.  •  Ueber  den  in  ien  (inllrti-RUincn  enEhblbtrun  Fftrbetftflf.' 
Jntialfn.  Vol,  uimiv.  {ISall,  p.  Iflfi — llfi. 

'  Valfntiiier.  (iilii*b«rK'«  Ztiiiehri/t.  N.  Sor.  Vol.  t.  p.  49  (quutwl  nl  icuouJ. 
b&ml). 

*  Il  appr^n  b>  ti«rc  wckprd  the  cbMmuion  of  critieail  writcm  cm  the  hilr  ciloiiTinii 
nulwrn  tlial  UcrT.rliuK  Kim  wttalnly  ibe  flnt  to  obtkin  ■  etTatsUinn  coloaHnit  matter 
hvm  tl)«  bil«  q{  Uip  OS.  The  procvH  whioli  yid<l«d  it  wka  complicBtwd,  bnt  ill  rop<rlt- 
(ioB  wotill  piwbabl^  j^vld  btvr«ttinK  roHulU.  IVnolin*  MBi^uMl  tb«  nitino  of  liiliful. 
rin  to  tha  cryaUlhnp  bod*  wliioh  he  obTJoinilj  8ii)  not  onn«i<3«r  iil^oticml  with  tha 
Imparo  bilimbin  lovhiob  he  applied  tho  name  or  oliolepyrrhiR:  "  Itilifiilvin  hnh^  ich 
else  ooob  probletuatiMhi!  am  Silit  bniinla  i^iuui'j  ritialleno,  krj'iitalliiiirtfi  rotliKftbe 
SnliNUnz  Run&nut.  ilic  icli  uuuh  nichl  ydi'iriK  xu  dudirvu  (ielnifeuiielt  batW." 

Haviui;  dc.imbnl  hin  pnici-BH  of  sr-iiiirBlifin  he  ihiM  exprenm  kbnadl  na  u>  the 
product:  "Ho  bckouiinC  laaa  cine  Kdbc  L^ouhk.  die  TcrdunaM  cin  rol)ibnitiu«« 
Extract  EurvekUmit.  Wird  dicKii  in  Alkohol  kufitclAat  nod  die  LAimnK  iei  troiwillii^-n 
Vordan«tDim  iibMluace,  na  Mhia-iMn  darjiu*  eiMirrt  kloine  rothffilbo  Kry«lall«  ad.  Dimo 
KijritaUa  Hiid  «■  di*  ich  nitifalvin  Kaiunnt  tiabn. "  H(«  BorEcliu*,  L^hrbueh  d.  Chrmit 
(UebmwU.  1.  WohJer).  Vol.  n.  (IMO),  p.  2Hfi. 

*  O.  StMtbir,  ■  Utter  die  Fubsloffe  der  Oallc'  Aniuilen  drr  Ctrm.  u.  PJutrmaf. 
ToL  cixzii.  (1BG4),  p.  838  ft  »c]. 

*  TIm  oame  tuamatoldia  u  onlj  appU«d  to  biliiubin  vbon  oocarrint;  ia  old  eiua- 
TUalioD*  of  blood. 

^  OloH  H4mmantan,  'Om  rarekrirnvtm  af  mllfi^rflunni  i  blodMnini.'  Upasla, 
'LSIanGatn\nf,'*  f/irhandiinfiiT .  Vol.  xir.  p.  6C).  Hm  the  abotnot  ol  thin  fM^ivr,  '  Uiiher 
ds«  Vurkuiumen  rou  OallviifwbituO  ia  dem  Uluueruiu,'  by  ita  author  in  Maljr'a 
JakrabitKht,  Vol.  viii.  (laTSf.  p.  1S9. 


SI6 


Bn-IRUBIK. 


[bookil 


fuither  a  common  conetitucot  of  enll-stoacs ;  it  occars  In  th«  tmne, 
and  stfiiiiB  the  (.-onjunclivao  aud  skin,  in  cases  o(  jaundice.  la  old 
Mot-vd  extravasations  Lt  occurs  iu  microecopic  crystal  which  were  fint 
di«cover«d  by  Virehovr  and  by  him  called  h:ematoidin. 

In  the  Heparatinn  af  bilirvibin,  from  whatever  aoBTCt 
it  is  obtained,  we  reU'  on  the  remarkable  solubili^ 
of  the  free  colnnring  matter  iu  chloroform,  whilst  its  compounds  are 
insoluble  in  that  Hijtiid. 

I.  Heparatian /rota  GatlstoneJi.  The  gaJI-atonea  are  finely  pow- 
dered and  then  thoniughly  estracted  with  ether  which* ex trarta  the 
choleftterin  which  these  concretioLS  contjuu.  The  residue  is  tlieo 
extracted  with  boiling  water,  and  afterwards  trenled  with  diluw 
hydrochloric  acid.  The  laUer  dccoiiipoaes  the  bilirubin-catcium,  the 
pure  bilirubin  remaining  as  an  insoluble  powdor  which  is  thuroufflily 
washed  with  water,  dried  and  then  buiici  with  clilunsform.  Tbe 
chloro formic  solution  of  bilirubin  is  evaporated  on  the  wat^r  batli 
and  the  residue  is  extracted  with  absulubo  alcohol  and  ether.  Tbc 
furmur  solvent  separatea  a  cettuiu  iptantiLy  of  a  pigment,  termed  bf 
Stadeler>  bili/ascin.  The  residue  inevluble  in  alcohol  and  etb«r  n 
then  again  disHulved  in  ehloroform,  the  solution,  if  nece«sarr,  Alteied. 
and  evaporated  until  bilirubin  commecices  to  separate;  alcohol  it 
then  added  to  the  concentrated  chloroformic  solutinn.  when  an 
auioi'pboua  orange -co  loured  precipitate  of  biltrubio,  which  rt^scuibUt 
8ulphid«  of  antimouy.  is  obtamed.  These  operations  may  be  repeated. 
Ultimatoly  the  puriticd  bilirubiu  is  once  more  diMolved  in  dxloroform, 
and  the  clilurofunnic  sulution  allowed  to  evaporate  spoutaDeouslj. 
when  crystals  of  bilirubin  separate. 

i.  Frvm  bile.  (1)  Bile,  uri^ferably  uf  the  dog,  is  acidulated  witk 
acetic  acid  and  sliakeu  with  chlorofnrui,  care  being  taken  to  exclwJe 
air  aa  completely  as  poHsiblc'.  The  chloroformic  solution  is  separated, 
evaporated  to  dryness,  the  re^Jue  Created  with  abmolutt!  alcohol,  and 
the  matter  which  is  left  undissolved  by  this  solvent  is  dissolved  in 
chloroform.  By  the  HpoutaneoiiH  evaporation  of  the  chlorofonnic 
i^oUition,  ci^Rtala  of  bilirubin  may  be  obtoiueil.  The  purification  of 
the  bilirubin  may,  if  the  quantity  of  material  be  snlbcient,  be  carried 
out  as  directed  iu  the  case  '>f  bilirubin  prepared  from  gall-stones. 

(2)  The  bile  from  which  bilirubin  is  to  he  prepared  is  diluted 
with  water  and  precipitated  with  milk  of  lime.  A  solution  of 
carbonic  acid  is  pasxvd  through  the  mixture  and  the  bulky  pre- 
cipitate, hfkviog  beeu  collected  and  washed,  is  suspended  in  water, 
decomposed  by  means  of  1  lydrocl'i luric  acid  and  shaken  with  chlony 
form,  care  being  takuii  iu  these  operations  ta  avoid  the  acceaa  of  UL 
The  chlorofomaic  solution  is  evaporated  to  a  very  small  bulk,  pnp* 

>  Id  ill  caies  in  nbtch  it  ii  noiitihi  to  ieparat«  billmtriti.  to  looK  si  tbs  BoliiliMM 
oonulti  treeaddi  or  ulkftLiea  llu  (crtAioat  cart  inosl  ba  ulua  lo  k*oid  ifat  moaamoldti 
in  ths  |u«Mooe  of  aUnoaphsrio  uxmto  Um  ooaveniao  o(  bilifubin  liito  biUmtta  M 
»noe  MnnmeooM,  in  swi  or  ftUcaUna  •olatton*. 
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ciTpitMteA  with  alcohol,  and  the  further  purification  of  the  separated 
bilirubin  carhod  out  as  alre«iiy  directed. 


PhyaictU  and  Chemical  Characttrs. 
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Bilinibin  occurs  in  an  amorphcMiii  and  in  a  cr^'stal- 
linc  condition.  In  the  former  it  presents  the  appear* 
ance  of  an  ornnge-colaured  powder  resembling  sulphide 
of  antimony ;  in  the  latter  it  has  the  colour  of  crj-glnllized  clmnuic 
acid.  Examined  under  the  microscope,  crystalline  bilirubin  exhibits 
omnge-colniircd  rhombic  tjibles.  in  which  the  ubtuse  augles  arc  often 
rounded  otf.  When  cry^UlHsitij*  fmiii  sulutioua  which  are  not  i)uiie 
pure  (^containing  chnlesteiin.  Sec.)  better  t'ormod  crystaLi  are  obtnined 
than  i»  the  cnse  when  the  BolutioHH  contain  no  sucfa  impurities 
(Hoppe-Seyler'). 

Bilirubin  is  insoluble  in  water,  almost  insoluble  in 
ether  and  very  sparingly  soluble  in  alcohol.  It  is 
readily  iioiuble  in  chloruform  eHpeeially  with  hent;  it  is  likewise 
soluble  (though  to  a  much  leas  extent  than  in  chloroform)  in  bcnxol, 
carbon  diMiIphide,  amy)  alcohol,  and  glycerin.  These  fluids  dissolve 
enough  however  to  ncmiire  a  yellow  <ir  a  bniwn  red  colour.  Solu- 
tiODi  of  bilirubin  which  contain  1  p.irl  iu  500000  exhibit  a  iierov[i- 
tible  jrellow  colour  when  a  layer  I'o  em.  thick  itt  observed  (tioppe- 
Seyler). 

Bilinibin  is  readily  soluble  in  dilute  solutions  of  sodium  and 
potasdum  hydrate  and  nmmonin,  and  if  the  solutions  be  kept  from 
contact  with  air  or  with  oxygen,  it  can  be  reprecipitated  from  them 
by  the  addition  of  hydrochloric  aciil. 

It  is  important  to  notice  thnt  HolutiotiH  of  bilirubin  in  hHchHgi!  do  not 
ji«ld  tho  colouring  matter  co  oliloroforto.  A  chloroformio  solution  of  the 
colouring  matter  Hhokoti  wiUi  <IUut«  feodium  or  |K>ttt«aiuD]  hydrate  ia  nt 
ouca  ilM»i1otiri>cd ;  on  the  othvr  hHud  a  ititnilnr  nlkulinc  aolution  of  kilirnMa 
if  acidulated  aiid  ahukeD  with  chloroform  at  once  gives  up  ita  colouring 
muttvr,  which  is  dissolved  by  tlie  cliloroforra  and  imparts  to  it  »  loucli  1cm 
browni^-ycllow  colour. 

Bilirubin  fonns  compounds  with  bases  of  which  several  have  bcca 
studied.  The  Nn-compound  is  obtained  by  precipitating  a  dark 
orange  solution  of  bilirubin  in  nodinm  hydrate  by  means  of  a 
coocentmti'd  ttulution  of  caustic  soda. 

The  Cn-compoiind  i«  obtained  by  proeipitAtiug  an  ammoniacAl 
solution  of  bilirubin  with  calcium  chloride.  The  precipituti.-  is 
rust-eoloiired,  tlocculent,  and  insoluble  in  water,  alcohol,  other  and 
chlunjform.  It  ban  tlie  compoeitioD  indicated  by  the  formula 
C»H^N,0,.Ca.  When  this  compound  is  dried  I'l  vacuo  over 
sulphuric  acid  it  ia  of  a  dark-green  colour  with  a  metallic  lustre,  but 
when  powdered  it  has  a  dark-Browu  colour. 

H(>pi>»-6c]rlci,  I'hifiiotaeitehe  Chemit,  BctUd,  1687,  p.  M4. 
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By  the  ftctioTi  nf  baniim  chloride,  lead  acetate,  and  niirate  tt 
silver  an  ammuniacal  solutlonR  of  bilirubin,  compound*  sitniUr  U 
the  calcium  compound  am  be  obtntned.  The  ulv«r  compouDil  occun 
in  violet-cn]nurP4i  flnkos  and  is  not  reduced  even  when  ihe  liquid  in 
whicli  it  is  suspended  is  boiled.  Bilirubiu,  a:s  Mjily  cibRi-rv«s,  shem 
by  llio  compounds  which  it  forms,  that  it  haa  tlt«  character  of  a  weak 
acid. 

oomposltion  Heint?.'  was  tlie  fii'St  diemirt  to  make  an  ullinuiU! 

Md  fwmuu.  niiaiysiR  of  bilirubin,  and  assiffned  to  ii  the  fonnuia 
Ci,H,gN,0(.  The  method  which  he  iblloweJ  in  the-  pruparatioo  of 
the  aiibetttQcc,  which  wilk  not  nntil  later  obtaintrd  crj'stallisDd,  reodets 
it  curtain  thai  it  wws  not  free  I'miii  inipuriticK,  and  the  results  of  liia 
analytiiB  may  tberoforo  be  teft  out  of  t'oiisideration.  The  »ame  obj«- 
tion  docK  n»t.  apply  Ut  Stddeler's  methods.  The  resulta  of  ht»  noik 
have  been  aVwoliitoly  confirmed  by  the  moru  recent  and  exfaaustiff 
rcsearcliee  of  Maly,  as  well  as  by  Hoppe-Seyler'.  Botli  Stadtia 
and  Maly  from  their  analyse-i  deduced  for  bilirubin  the  rormali 
C,(U,gN)Oa,  Tlkudictlunl^  on  the  otlier  hand,  haa  iL»si^iud  to  bilintbtn 
the  formula  C,H,NO;,  whirli  neither  agrees  wiih  the  conoonliml 
analyticid  rosult»  of  Sstiidfler  and  Maly,  uor  fits  in  with  many  farts 
with  whifh  we  are  accjuainted.  TIil-  reader  will  see  at  a  glanee  how 
considerable  aro  the  diUcrcncos  iu  the  perccDtagc  of  uic  TariouB 
elements  calcidated  from  Stadeler  and  Maly's  formula  on  the  aae 
band,  and  from  that  of  Thudichuin  oo  the  other. 


(StJideler  and  Maly.) 

CnHj,X,0, 
or  C„H»N,0. 

Carbon  6713 

Hydrogen  6'2!) 

Nitrogen  <>79 

Oxygen  HJ'79 


(Tbudichnm.) 
GiH^O, 

60-25 

552 

8-59 
196+ 


100  00 


Quite  apart  from  the  remarkable  concordance  of  the  reeulte  «f 
Stadcler  and  of  Maly.  an  examiuatiou  of  all  facts  bearing  on  tbe 
question*    but)    led    chemists   to    the    opinion    that    the    foriuula  of 

'  H«inti.  Posgendarfl's  Annalen.  Tol.  Lssxiv.  p.  106. 

■  "AuKMr  Jimcn  Brgebnitseu  iler  UDtontuebungen  tob  Btidnlflr  ilnd  noA 
Malj'  und  von  ThudicliDii)  nulc-ha  rerulTttntlicIil,  Ton  dtntm  dj«  RemlUiu  1 
RciitiiCif^inK  dcr  llntrrstiKhitiiKvii  Kt:u3t'lcr'n  RrliDti.  Die  Anatjrmo  ron  Uop[i».t 
liuwcn  k1  I'' ioti fillip  hi-ini'n  X,vi:>U-\  nri  dcr  ItictitiKkrit  dnr  Fomipt  TOD  StiiaMor  ii]i4l 
Mslv,"  floppcUoylcT,  tlaiulbuch  d.  Vhat.  u.  Path.  Clitm.  Jnalyt.,  6ch  rd,.  It 
p,  220. 

'  TtniHiolintn,  Jnvrn.J.  pntbt.  Chn*.,  Vol.  erv.  (IB6H).  p.  1U3. 

*  Siicli  lut  lh«i  roHnlU  nf  thp  analyran  of  tho  oaioium  rampouDiI  oX  btltntbin,  of 
Maty'fl  liitaronLobilinibin.  no  !■>■*  than  the  reUlioo  at  bilirubin  ui  bilirardili ;  lo  tk 
latter  point  roteiunce  wiL  auain  bv  made. 
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StAdeler  and  Maiy,  or  probably  ii  muliiplo  of  it,  is  correcl.  Th« 
various  reactioiui  are  best  cxplaiDcd  by  duubliii^  Stjulelcr'n  rnrmula. 

Action  of  When  bilirubin  is  treated  with  pure  dilut«  uilric 

Bitrtc  Mid  oa  acid  (containing  20  per  c«nt.  of  HNO,)  no  change 
wurB*l»-  occum  at  ordioftry  temperatures.     Wh«u  the  solution 

is  heated,  however,  dark-viulot  resinous  tluketi  are  furmud 
which  as  the  tmnptTaluru  risus  uasiudc  a  light-lwown 
oolour  and  ultimately  dissolve,  yielding  a  yellow-coloured  liquid. 

Pure  concentrated  nitric  acid  acta  in  the  cold  and  »  cherry-red 
limiid  LI  obtained  which  retains  itft  colour  for  many  day^.  Nitric 
acid  which  has  a  slightly  yellow  colour  and  which  contains  nitrous 
acid'  (as  tho  nitric  acid  of  commerce  don»)  gives  rise  in  solutions 
which  coutain  bilirubin,  to  a  remarkable  play  of  colours  already 
referred  to  aa  ■  Gmeiin's  reaction.'  The  reaction  may  bo  tried  with 
a  dilute  alkaline  Holution  of  bilinibin,  with  diluted  bdc,  ur  with  any 
licjutd,  sucli  ai  the  urine  of  jauadictf,  which  contains  bilirnbiu. 

Various  raetbodfl  of  exhibiting  Uinelin'K  reaction  may  be  adopted. 
The-  mo»t  common  in  to  pour  ttome  of  the  solution  to  be  tested  into 
a  test  tube  containing  nitric  acid,  so  that  the  two  liquids  are  not 
mixed.  Near  the  line  of  junction  the  colour-reaction  at  once 
coramouccs  to  dcvclope,  aud  a  succession  of  zones  of  colour  ajiitwir, 
t!io  tints  bying,  from  above  downwards,  as  follows: — greeu.  tilue, 
TJolet,  red  and  reddish -yellow.  Thcite  tints  rcprciHtnt  the  successive 
sti^ftx  of  the  reaction,  the  lirst  being  the  green  and  ihe  last  the 
reddish-yellow,  which  is  observed  in  the  region  where  the  oxidudug 
action  is  most  inten!«c,  vix.  in  close  proximity  to  the  nitric  acid. 

Instead  of  employing  a  test  tube,  a  few  drops  of  diluted  bUc,  or 
bilious  urine  may  oa  poured  upon  a  flat  plate,  mo  that  a  thin  layer  of 
liquid  is  obtained.  On  now  adding  a  drop  or  two  of  coloured  nitric 
acid,  wherever  the  acid  falls  a  series  of  concentric  coloured  rings 
of  beautiful  colour  is  developed,  tho  succession  of  tints  being  the 
same  a-s  in  the  experiment  previously  described. 

The  delicatey  of  'Omelin's  r^arlion'  is  such  that  it  permits  of  the 
<lete«tion  uf  Itilinibin  in  solutions  which  uonlHin  i>iity  I  part  of  the 
iMiounng  mutter  lu  fn>m  wvt^nty-  tu  eiglitv-tliuutntid  )wrlii  of  wntvr.  It 
must  be  ri'mumtjered  that  in  order  to  lie  sun;  of  the  pri'MncB  nf  biliruliui  the 
whole  series  of  tints  inusL  be  observed,  as  tiitein  (the  yellow  orystaltiae 
miittrr  obtained  from  corjwrd  luttra,  from  the  yolk  of  egg,  tiud  which  is 
also  pratrnt  in  the  liquor  Mniguinis  nf  ttome  Hnimnl!*),  whnii  trtvlnl  with 
nitrio  Held,  exhibits  a  green  and  niso  ■  lilue  tint  very  Mculliir  tn  thitse 
develvped  in  OmelinV  rwtctioii.  The  s[>«ctroecoi>ic  chumcters  of  lutein 
are,  however,  suffioieiitly  distinctive  U)  eiiahta  tiie  oliiwrver  to  (incertain 
whether  this  substance  is  proswiit  in  a  M>liitioii  ni*  not. 

Each  tint  in  Gmeliu's  reaction  corresponds  apparently  to  & 
definite  chemical  change,  probably  to  a  definite  oxidatiou  product. 

'  If  lb«  Acid  in  too  hiiMj  oulonrvd  ({.«.  \1  lh«  uDouat  ol  nitroiu  aciJ  and  ot  nitroma 

pt'roxtdc  fc«  Uni;«)  it  *i<<rt*  ao  MMTRStlo  «ti  kotioa  on  tbtf  biUnibia  tli«t  tha 

«tagca  of  UomUii's  coMtion  oAnnol  bo  jiropwly  observed. 
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The  greon  tint  is  duo  to  the  production  of  biliTerdin,  which  as  will 
be  iU'torwurdtt  sliuwu  w  thv  first  (iltvf;c  in  the  oxidation  r>f  bilinilna 
The  blue  tint  is  due  to  au  imperfectly  studied  body  termed  bili- 
cyanin  ;  the  final  reddish- orange  colour  ia  due  to  cboletetio. 

Mal^  in  commenting  o»  the  nature  of  tho  itctJon  «x«rt«d  b^  nitric  tcU 
on  biLinibin  innkcn  thu  following  nriuarks ; — 

"Nitric  or  nitrous  acid  can  oxidire,  form  nitro-compotmdB,  gire  riw  » 
iaom^i'fi,  effect  d(>compodtioii8,  aiibstiCute  hvdroxjl-  for  amido-groej*, 
ooiivert  uuiidoncidtt  iiilu  diibzo-<.'Oni|)uuiidK,  Ac,  »o  tliat  from  bilirctdia 
onwiirtlN  no  cono^jitioii  fu  to  thi>  nnture  of  tlii»  colouring  mattem  fomird 
in  Oniplin'H  reaction  cionld  he  formed  -were  it  not  for  i?holetAlin,  th* 
MulvHis  of  wliiclt  oettlea  tlio  <(ueattou,  uliewing  tliAt  in  Utueliit'a  reoctioa 
BO  N  is  given  ofT.  but  Uiwt  k  [trogrvKHivo  oxidation  occuri'. 


OorboB. 

NUrogM). 

OxTfM. 

Bilirubin  conUtins  in  100  pta. 

671 

9-8 

16** 

Biliverdiu              „             „ 

0.3-6 

fl-S 

51 -S 

Cbolctolin             „            „ 

55S 

8-1 

30-0 

It  ia  no  iiaprobHl)le  concIuBion  that  the  yet  amBoUt«d  blue  and  rt^ 
Indies  »re  interuietliiLte  oxidution  pruduote." 

The  spec-  ]q  IdSC  JftfTi^*  made  a  series  of  interestiog  obsen'a- 

^m  oX  om«-  jjpj,g  g„  (j-j^  spectroacopic  charactora  of  the  colouring 
■  raac  on..  ,„g^^yj,  produced  in  Gmeliu'a  reaction,  shewiDR  tlui 
the  different  tints  corresponded  with  characteristic  alteratioDS  in  tlif 
apectrum.  He  found  that  with  the  commencement  of  the  hlue 
colour  (2ud  Btogc  of  Gmelin's  reaction)  a  broad  absorption  bond 
appears  which  extends  between  C  and  D,  but  nearer  ui  the  latter 
toan  tbe  fomO'er,  and  which  extends  half  way  between  D  and  K.  By 
diluting  the  solution  or  examining  a  somewhat  ttiinucr  layer  tlie 
broad  absorption  band  above  deecribed,  Appears  composed  of  t«o 
bancU  within  defined  edges,  ttcpamttid  by  a  clear  interspace  at  1). 
Jaff^  designated  tliesa  tvfo  bauds,  iho  a  and  ^  banda.  Almost  al 
the  same  tiiQc,  but  really  HomL-wKat  later,  tlisa  the  banda  jun 
described,  a  third  band  7  became  percyptible  which  is  aitiiated 
between  b  and  F  but  nearer  F.  This  band  incrensea  in  distiuctneM 
aa  the  bands  a  and  fi  j^radually  fade. 

In  1871  tbe  late  Prof.  HcjTisius  of  Loydon  in  aasodation  with 
Or  d.  F.  F.  ('ampbLdl'  madt-  a  rusearch  in  which  iliuy  coniirined  aad 
extended  the  observations  of  JatT^.  They  assigned  the  name  gf 
cholecyanin  to  the  blue  bcHly  which  occasions  tnc  bands  a  and  0 
and  shewed  that  the  baud  y  ia  causud  by  tbe  preseaoe  of  chnleteliu 
which  Maly  had  descnbetl.     We  may  then  speak  of  the  spectrum  of 

'  Article '  G*lte,'  Ht.-rtiiaiiii'a  Handtntch,  Vol.  ni.  p.  ICi. 

'  Jfcffi>.  Crncralblalt /.  d.  mtd.  W iurniehaflea  (1BB8),  p^  Ml. 

*  rrci(.  A.  H«,vti«iiiii  und  Dr  J.  F.   F.  Cuupbwil,  'Dio  OxTdations-icodiieu 
Oalli'iilRi  liut^iHr  iind  itire  Abiujrpltoniiitiv.iCeii '  (with  d  plat«).    Pfltkccr'a  drthuf,  Ted.  I 
(1871).  i».  497— 4<S. 
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the  biticyatiin  and  choletelin  stages  of  GiDelin's  reaction.  Id  IS77 
Dr  MacMimn',  quite  imiependently  of  tho  above  researches  which 
were  iiDknown  to  him,  agaiu  described  with  corn-ctuess  the  spectrum 
of  O  m  el  i  ii  s  rejicti  on . 

The  ftpcctrurn  uf  the  second  stage  of  Gmelin's  reaction  is  shewn 
in  Phite  I..  Sp.  3. 

ihrtioii'i  Onielin's    reaction,  with  slight  raodifications  to  be 

'••**'*"■  afterwaKls  noticed,  is  common  to  biliverdin  and  other 
biliur^'  (xtloiiriiiy  matters.  We  have  now  to  speak,  however,  of  a 
reaciioti,  dincovored  by  Professor  Ehrlieh*,  which  in  chamcteristio 
of  bilirubin  and  is  not  exhibited  bv  biliverdin.  To  a  solution  of 
bilirubin  in  chlnroforin,  ia  added  au  eoual  volume,  or  twice  ita 
volume,  of  a  solution  of  sulphaiiilic  aciu  (1  grm.  Kulphanitic  acid, 
IS  c.c  of  hydnwhioric  neid  and  O'l  grm.  of  notliuui  nitrite  dis- 
iKi|vL*d  in  distilled  water  and  diluted  to  1  litre)  and  then  as  much 
alcohol  B»  19  ueedod  to  render  the  solution  clear.  The  liquid,  whii-li 
■■  of  s  yellow  colour  at  first,  assumes  a  beautiful  red  tint.  On 
addiug  dilute  hydrochloric  acid,  dmp  by  drop,  the  colour  changes 
first  to  violet  and  then  to  lui  intense  blue.  On  now  carefully 
pouring  into  the  test-tube  a  MTitution  of  potasduni  or  sodium  hydrate?, 
tbree  zones  of  colour  are  visible;  near  tbi.-  alkaliue  solution,  whi.-ru 
tbe  reaction  is  conimoncing.  the  colour  is  green;  at  the  surface.  wht>re 
tbe  reaction  it  still  acid,  the  original  blue  tint  persists,  whilst  inter- 
mediate betww*n  tliH^i.'  two  zones  is  a  rail,  neutral,  zone. 

The  late  Professor  Krukeuberg  published  a  full  account  of  the 
Bpectnntcopic  character  of  Ehrlich's  reaction.  The  acid  azure  blue 
^flolatioii  exhibits  an  absorption  band  between  C  and  E,  of  which  the 
is  a  Htrle  to  the  violet  side  of  D.  and  which  a.^  the  concentra* 
tion  increases  extends  more  and  more  towards  E.  For  further  details 
the  reader  is  referred  to  tbe  oiiginal  memoir'. 

ito    wttm  Both  Thiidichum*  and  Maly' have  inveatigaled  the 

action  of  bromine  on  bilirubin.  The  following  account 
is  based  on  the  obw:rvatiou:t  of  Maly.  When  a  solution 
of  bromine  in  chlorofonn  is  added  v*^rj*  gradually  to  a  soluciou  of 
bilirubin  in  chloroform,  a  play  of  colours  is  observed  which  is 
precisely  similar  to  that  which  constitute!*  Gmelin's  reaction,  the 
colours  being  the  same,  as  well  as  tbe  order  in  which  they  appear. 


of  bro  mills  oa 
bUlrmbtn. 


>  C.  A.  MuMunD,  -SludiM  In  Me<llc:«l  8|)ectT(iiicopy,'  l>nb.Jourrt.  oTJfnJ.  St.  UT7; 
Ma  aim)  Til'  Sprflratcvpf  in  Utdicint,  bj  tLu  miuil-  author,  |ip.  llSO—lGS. 

*  P.  Etulioli,  '  H>iltndJaitot«axot.  eiu  IkaKeoH  auf  Uilirubin,'  CialralbUit  /.  LUn, 
Ueti.,  Vol  IT.  (189$).  p.  7'il ;  alao  in  ZfiUtJirifl  /.  a««l.  Clmnir,  Vol.  xiiri.  (1088), 
p.  975. 

*  I>f  C.  Pr,  KruknnlMT|i,  'Ukb  SpcMrtim  der  Eliriiob'iehm  Bi]ira1iinproba '  in 
Kniknnborti'B  Chemvht  f'ntmwhunjen  tur  viuetattuifltifhru  JfA/lt-fa.  Eratea  Haft, 
J«nn  IfWlt.  p,  T7— T^.     The  ituBvni>tion  ix  UlumraXHl  hj  drawdtR*  orthree  apwtn. 

*  Thndichum,  Joum.  of  thr  Clumical  Soeifig.     H«r.  u.     Vul.  uii,  p.  BdS. 

*  B.  M&lj,  •  UnMrmch'anRe'n  ttbcr  die  UaUcafarbaloBe,'  SiUimff$^.  iL  k.  Wiftirr 
AkaJ,  iJ,  WUtrmtiia/t.  Vol.  Lull.  (197£).  K  ffty  coiDp]«ta  aooouol  of  lliia  paptt  U 
givoD  in  UiXftJahrttltnicht,  Vol.  t.  |1S76|,  pp.  198— lOS. 
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Tbe  suppositiou  that  the  ooioure<l  bodies  obUiiued  under  the  acQta 
of  bromiue  were,  like  ifaoso  ohiaioed  with  a  mixture  of  nitric  ud 
nitrons  aciilit,  products  i^  usitliitiun,  was  dixpruvcd  by  the  esamiuAltoo 
of  the  f^rcH^n  biUvenlin^like  bodv  which  is  th*.-  ^rst  product  of  ih« 
action  of  bromitie.  It  was  at  once  nppnrwQt  that  this  body  pomwcd 
a  f^reen  colour  bec&ube  uf  it(>  bving  »  mixture  of  unaeootopoied 
bilirubio  aod  of  a  beautiful  blue  substance.  This  body  w&s  pnptffd 
ID  varioaK  wayK  and  wa«  found  in  have  an  iniifunii  compusitiaa. 
repreeented  by  the  formula  CnH„Br,N,0,.  According  to  Maly  tb« 
reaction  in  which  it  is  formed  may  be  repreisented  thus: — 


CUUN.0.  +  3Br, 

BtUrabin. 


C„H„Br.N\0«  +  3HBr. 

TV)  bmtuobiiinibin. 


Tribrotnobilinibir  is  iDsoUiblc  in  water,  readily  aolnblr  in  alcohitl 
and  Kther,  its  noluliuns  in  which  poast'sii  a  darlc  blue  tx)lL>ur.  The 
addition  of  pure  acid  renders  tUc  alcoholic  solution  more  intenwlj 
blue  than  before  ;  this  deep  blue  colour  is  characu-rixtic  of  soluliooi 
in  fioetic  and  giact&l  aoetic  acid.  Alkaline  iwlutions  readily  difisolvt 
the  body  and  ao^Hire  a  violet  colour.  When  boiled  with  soditim 
carbonate  a  greun  Holiition  is  obtained. 

The  violet  alkaline  solutions  of  bromobilinibin.  made  with  the 
aid  of  alkaline  hydrate*  and  carbonat<>s.  at  lintt  assumo  a  blue  colour 
whuu  acids  are  added  to  them.  After  sotne  time,  however,  when 
acidii  ar«  added,  the  colour  changes  to  a  pure  greeu.  Chiohiic  readilv 
bleaches  the  compound. 

By  the  action  of  Kndium  amnl^m,  tdhnnnobilirubin  v*  conveitvd 
into  hydrobilirubin.  When  digested  with  e^>Uition  of  cauntic  »o4m, 
dilute  snlphuric  acid  throws  down  a  green  body  which  appear)  id 
consist  of  biliverdtn. 


Occurrrae*. 


Biliverdia  C„H»N,0,- 

To  the  colouring  mattor  wbicb  imparta  a  grtw 
Colour  to  the  bile  of  the  ox.  sheep  and  other  berbivorons 
animals,  the  term  bilivordin  was  applied  by  Bentelius,  and  it  is 
usually  HKsumed,  probably  correctly,  that  this  body  is  identical  with 
the  biliverJin  which  results  from  thA  action  of  various  oxidising 
ag«ut«  mi  hilinibin.  The  strict  scientific  proof  of  this  identity 
IS,  however,  noi  forthcoming,  no  method  having  as  yet  been  devisH 
for  the  .separation  of  pure  biliverdin  from  the  bile. 

Biliventin  i.-*  (loubtle^a  the  colouring  matter  found  in  asBOciatiaa 
with  bilirubin  in  the  placeuin  of  1>itches:  it  likewise  may  be  found 
in  vomited  matters  and  in  the  contents  of  the  Kmall  tntestio& 
Biliverdin  is.  occasionally,  a  constituent  of  gall-stones.  It  is  said 
sometimos  to  occur  in  jaundic(>d  urin«  ;  its  presence  in  iiriue  which 
has  been  exposed  to  the  air  affords,  however,  no  proof  of  its  having 
t)een  prosent  in  the  fresh  secretion. 


CBj^P.  IV.] 


BILIVEllDIN. 


829 


I 


rvaiMratiBii  ^^  ^"*  *'''^^y  been  stated  that  when  the  reddish- 

ycilow  bile  of  Cftmi%'oroUB  animnls  is  expend  to  the  air, 
it  gradually  uf{|iiirf5  a  green  hue  which  r(hu.-nil>It.-s  that  of  the 
Mcretion  of  tho  herbivora.  This  change  in  colour  it;  associated  with 
AD  KbsorpcioD  of  iixygt-a  and  tlc-peiidn  upon  the  ronvcrsiou  of  hili- 
rubiii  into  hilivtirdiii ;  it  uocurs  all  th«  more  readily  if  the  bite  be 
remkrod  decidedly  iiJkalitit;  by  the  addition  of  a  caustic  alkali  and 
tbeti  expueed  in  thin  layers  to  ibe  nation  of  the  air.  The  sania 
change  la  obflerved,  tliuiigh  il  pmreeda  less  rapidly,  if  the  bile  be 
aciditied  by  mea-ns  of  ncptic,  hyiirochloric  or  milpburir  aeids,  and  thea 
exposed  to  air;  the  presence  of  oxygen  Wirig  under  these  circum- 
Ktancea  absolutely  necessary  to  the  production  of  the  colour.  Tbo 
body  which  is  the  c-jum:  vf  the  buuutiful  green  tint  develojKsd  by  the 
action  of  nitric  and  uitnuis  acidti  upon  bile  or  bilirubin  ik,  un<^ut'»- 
tiouably,  bilivcrdin,  which  is,  in  thin  caee,  produced  by  the  oxidising 
action  of  the  acids  einpluyed,  quite  independently  of  tlie  almo- 
spheric  oxy^n. 

Bilivenlia  la  most  readily  prepared  In  a  state  of  purity  (Stadcler) 
by  dissolving  pure  bilirubin  in  a  diluted  ftolutiou  oi  sodtuiu  hydrate 
and  either  eicposing  the  liquid  to  air  or  cnufiiig  a  i^tream  of  oxygen 
gas  to  pass  tniough  it.  UTiew  the  solution  has  acquired  a  bright 
green  colour  an  excels  of  dilute  hydrwchlurio  acid  is  added :  tliis 
precipitates  the  biliverdin  which  u  woehcd  with  wotor.  until  the 
washings  contain  no  trace  of  chlorine.  It  is  thun  dried,  dissolved  in 
absolute  alcohol,  the  alcoholic  Botntion  is  Altered  and  prcctpitAtcd  by 
the  Mtldttion  of  water. 

Biliverdin  is  readily  produced  when  bilirubin  is  IieateJ  to  100°  C. 
ID  sealed  tubes  containing  a  mixture  of  chloroform  and  glacial  acetic 
•cid,  care  being  taken  tliat  n  contiidcrnblo  space  filled  with  air  ia  left 
in  the  tubes  (Heynsins  and  Campbell).  The  objection  to  this  proceiis 
is  that  water  very  imperfectly  prccipitAtes  the  bilivenlin  nrhich  has 
been  formed.  The  pniceiu  was  luudified  in  un  important  manner  by 
Malv'  who  found  that  at  moderate  tem|K^raiurea  and  in  the  absence 
uf  chlnrofiirm.  monochloracctic  acjfl  readily  IcadH  tn  the  absorption 
of  oxygen  by  bilirubin  and  its  eonvemion  into  bilivenlin.  Mono- 
chloracetic  acid,  the  melting  point  of  which  is  62  C.  is  rendered 
duid  by  warming  it  in  a  beaker;  powdered  bilirubin  is  then 
digested  in  ii  with  the  aid  of  a  gentle  heat,  on  the  water  bath 
After  a  couple  of  days,  water  is  added  to  the  dark  green  solution, 
the  whole  or  the  biliverdin  being  precipitated.  In  this  process,  again, 
the  production  of  the  body  is  associated  with,  and  dependent  upon, 
tlie  atmospheric  oxygen. 

Maly*  also  convetted  bilirubin  into  biliverdin  by  the  oxidising 

*  biab,  Ualy,  'Uahar  Bilivwnlio.'  Aat  UaUniaehnninii  tb"r  dw  Oallanfarbaloffe. 
IT.  .^bhandl.,  Siiiungibfr.  it.  Wirntr  AkiHUmi*.  Vol.  Lii.  (1A74|.  The  Anihoir  )na 
DOt  mo  thu  paper  but  «inotM  from  the  oartfal  abitract  in  iltiyt  Jahtetherichl, 
Tal.  IT.  n815>.  pp.  802—804, 

■  Ifkly,  SiCiwv«brr.  4.  fTitner  AiaJ.,  ToL  ltii.  {1^38).  QuobMi  by  Utij  ia 
HenButn't  llmulbufh,  Bi.  *i 
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action  of  peroxide  of  lend,  the  change  taking  place  with  exua- 
ordioiu^'  nipidity.  To  ad  alkikliiie  solution  of  bilirubin  some  FbO, 
is  added  and  th^  mixture  is  sttrrod.  Id  a  couple  of  minutes  the 
fluid  assumes  a  diirk  grt-cn  colour.  On  noVi-  fnmtly  acidifying  it  with 
acetic  acid,  a  coinpotind  of  bilivcrdiu  with  Ivad  falls.  This  is  docom- 
pofted  Ity  mpans  of  alcohol  contiuiiing  sulphuric  acid  in  solution.  Tbf 
alcnholic  solution,  ftlterwl  from  precipitated  lead  8iilpbat«,  is  poured 
into  water  and  the  flocciileiit  precipitate  of  biliverdin  ta  collocMd 

rtijrsicaJ  (.Qd  '  Biiiv»-r<iiii  is  a  blackish  green  solid  which  is  usuallv 

chemical  pro-  junorphouB,  but  which  has  occusiouully  bt-ou  obtained 
pMUMOt  MU-  jj,  j],p  f„r^  „f  g^(.„  jiionibic  plates  isith  tniocatcd 
ends,  by  evaporating  \ts  .solution  in  glacial  acetic  acid. 
It  is  insohible  in  water,  ether,  pure  chloroform,  beu7.ol.  and  carUjo 
disulpbide.  It  in  readily  Kohible  in  ethyl  alooho.!,  methyl  alcohitl,  in 
glacial  acetic  acid  and  also  in  olilorofurni  which  contains  alcohol,  or 
wbiL-h  has  been  mixed  with  glacial  acetic  acid.  It  tlifwnlves  in 
couct'Dtratcd  sulphuric  acid,  forming  a  solution  which  is  precipitated 
by  water.  Strong  hydrochJoric  aciu  disaolres  some  bitiverdin.  Add 
solutions  of  biliverdin — c.g.  solutions  in  glacial  acetic  acid,  arc  of  a 
beautiful  fien'-grecn  ndour.  J^eiitnil  aoTulioni*  are  of  u  aap-grvoi 
colour,  whilst  solutions  in  alkalies  are  yellowish-greeo  or  browni*h- 
ereen  and  are  precipitated  by  acids.  Solutinu  of  calcium  and  bsriatn 
nydrates  throw  down  from  alcoholic  .lolutiooa  of  biliverdin,  floceiilent 
£a-  and  Ca-conipoiinds.  Solutions  of  hiliverdio  exhibit  wirb  ihi" 
Bctroscopc  DO  definite  absorption  bands.  The  abaorption  increue* 
im  the  red  towards  the  viiil»-t  end  uf  the  spectrum,  so  that  the 
extreme  red  is  16  times  less  absorbed  than  the  violet  between  G 
and  H'.' 

oompoBitini  Heintz    had    discovered    that    when    the    reddish* 

of  biuvenUn  yellow  colouring  matter  of  the  bilo  is  introduced  into 
Mid  Its  mU-  absorption  tubes,  coiitaiuing  oxygen  and  standing  over 
oon  to  buini-  t,jy,^u„._  ^s  the  colouring  matter  assumes  a  green  tint 
the  volume  of  oxygen  diminishes.  Stfifleler.  as  a 
result  of  his  analyses,  believed  that  biliveniiu  ditlered  from  bilirubin, 
as  shewn  by  the  following  eiiuation  :  •" 

C„H„N\0,  +  H,0  +  O  =  C.H»N/>.  (Stiidclcr). 

Bilirubin.  BitiventiD. 

The  concordaat  analyses  of  Muly  outl  of  Thudichuni  both  agree 
in  assigning  to  biliverdin  a  formula  differing  from  that  of  •Stiulelrr 
(C.H,NO,)„.  Thudichum,  whose  formula  of  bilirubin  (C,U^O,)  15 
obviously  incorrect,  lias  expressed  the  view  that  when  that  body  il 
converted  into  bitivcrdin  it  is  due  to  an  oxidation  which  leajn  to  an 
elimination  of  CO,.  This  view  is  unquestionably-  founded  on  error, 
and  18  disproved,  fii^tly  by  the  coucoraaut  analyses  of  pure  bilirubin 
made    by   Stadcler,  Mnly  and  Uoppo-Soyler,  and  aecoixlly  by 

I  Hal;.  Henuann'i  Uandbiah,  Tol.  m.  p.  189l 


CBAP.  IV.] 


IMLIVEKDIN.     HYDRO  m  LI  RU  BIS. 


flS5 


ttuatyses  of  liilivanltn  made  by  Maly  nncl  by  Thmlichnm  hiniHelf.  A 
comparison  of  the  Two  seta  of  analytical  resniu  and  of  the  empirical 
funiiulaj  for  bilirubin  ftnti  biliverdin  detiiiciblc-  from  them  estnblisbee 
Lbat  bilivei-oiia  dilTers  I'roin  bilirubiu  only  iu  coutaiuiug  more  oxygen. 
A  stmlv  of  the  rolatious  of  bilirubin  to  biliverdin,  and  of 
tnbroiuobilirubia  Imvo  lud  uhuinists  tu  dnublu  tbu  formula  originally 
to  bilirubiu  by  Sliidolvr  as  wuU  as  tbat  origiaally  aa^ifjuod 
to  mltvcrdin  by  Maly.  Tbu  relation  of  bilirubin  ta  biltverdm  \s 
expressed  iu  the  e([uatiaD 

C»H»N.O,+  0,  =  C«H«N'.0,.    (Maly,) 


Bilmibiu. 


Uilivccilin. 


I 


Some  derivatives  op  the  normal  biliart  coloujuno 

MATTER.S. 

1 .     Ut/drobilintbin. 

If  the  normal  bile  colourinj;  matters  are  amenable  to  the  action 
of  reducing  apeiit*.  their  reduction  must,  without  a  doubt,  bo 
«0octcd  in  the  intestinal  canal,  where  the  proscnce  of  free  hydrogen, 
the  development  of  aulplmretu-d  hydro>rcu,  kc.  sliew  that  conditions 
exist  which  are  adequate  to  the  reduction  of  organic  bodies,  Sudi 
was  the  reasoning  which  led  Richard  Maly'  in  commence  the  investi- 
gation of  the  products  of  reduction  of  bilinibin, 

PnpaniUoD.  Bilirubin  prepared  from  the  gall-stone*  of  the  ox 

was  suspended  in  water  to  whicli  wa^  added  sodium 
amalgam  in  small  pieeest.  At  the  rommencement  of  iho  process  no 
caseous  hydrogen  was  evolved.  The  suspended  bilirubin  waa  soon 
diMolved  by  the  sodium  liydrate  resulting  from  the  reaction ;  after 
some  time  the  brown  Milutiou  bt-eame  gradually  lighter  in  colour 
and,  on  being  shaken,  bubbles  of  hydrogen  gas  were  evolved.  An 
excess  uf  »>idium  amalgam  being  added,  the  proceaa  was  allowed  to 
go  on  at  ordinary  tempeniturea  for  two  or  three  days  and  then,  by 
the  aid  of  gentle  heat,  on  the  water  bath,  until  no  further  change 
in  the  colour  of  the  solution  could  be  observed.  The  solution,  being 
decanted  from  the  subjacent  mercury,  was  treated  with  an  cxoess  of 
hydrochloric,  or  acetic,  acid.  The  addition  uf  acid  proved,  at  once, 
that  the  bilirubin  bud  b[;en  acted  upon,  for  the  liquid  assumed  a 
dark  garnet-red  colour.  The  greater  part  of  the  colouring  matter  is 
under  thcMt  circuu) stances  pn^cipitat'cd  in  dark  led-brown  flakes, 
though  a  part  rt^maius  diswilvfd.  In  proportion  &»  the  precipitate  in 
freed  from  alkaliae  chloride  bv  vr&ahiug,  it  becomes  le»s  soluble,  so 
tbat  when  it  contains  neither  ciilortno  nor  fixed  renidue  the  washings 
merely  exhibit  a  pale  ruse-red  tint. 

>  Mxl)?,  •Unlomoliniigcn  Bber  diaG«II«n(arbitoff*.  m.  Umvandlunfi  TOoBilirabin 
in  HunfuMolT,'  Aittt^l.  tL  Chem.  v.  I'harut.,  Vol.  ouni.  pp^  77— 9S. 
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The  precipitated  body  to  which  Ha.lT  assigned  the  ouoe  of 
hydrobilirubin  is,  like  tho  bilinibin  fmm  wrtich  it  is  derived.  «oloblt 
in  sohitions  of  aiiiniouiH  atid  tlie  alkiiliue  hydrates,  trom  trhicfa  it  it 
precipitnrcd  on  the  ndciition  of  ncids.  Unlike  bilirubin,  the  roductioo 
product  is  very  readily  soluble  iu  alcohol,  and  ita  aJkaliae  brawa 
solutioiiSj  when  coneeutralcd, assume  a  garnet-red  tint  on  the  addition 
of  acids  or,  if  dilute,  appcnr  uf  a  rose-reil  colour.  Sohitions  of  hyiJro- 
bilirubiu  art?  iueapable  of  asitumin;;  a  green  tint  under  the  oircum- 
utanccs  which  causr  soliitinns  of  bilirubin  to  become  gi-een.  Chloro- 
form disHolveH  hytirobilirubin,  act|uiriii^  an  oratige  colour,  nod  gives 
up  the  pigment  to  alkaline  soluCionB  when  treated  with  these. 

Bydrubilirubiii  haa  not  hitherto  beeu  cryntoltised.  It  appears  U 
form  readily  soluble  compounds  with  the  alkaliys  and  alkaline  earths, 
and  sporitifily  suluble  or  insoluble  rompounds  with  the  heavy  nieial*'. 
From  ihe  results  of  his  aoatyseH,  Ma!y  aiwigned  to  hydrobilirubin  ih* 
empirical  formula  CcUwN«Or,  acd  explains  ita  relaitioa  to  bilirubta 
by  tb«  following  eipiatitm  : 

C„H«N.O.  +  H.0  +  H.  =  C„H«NA 


Bilirabin- 


Hydrotntirabln. 


Abol  determined  the  moleeular  weight  of  hydrobilirubin  br 
Baoult'a  method  and  obtained  results  which  agree  with  Ualy* 
formula*. 

When  treHted  with  one  drop  of  sulphuric  acid  and  a  tiny  j^rnia  of 
saltpetre,  hydrobiiimbin  exhibits  the  variegated  tints  characteristic 
of  Qmclio's  reaction.  This  reaction  of  hydrobilirubin  may  be  cod- 
Toniently  referred  to  as  ' Liebernxann'fi  rea4ition,'  after  its  discoverer*. 

Amotgst  the  most  strikinjf  characteristiew  of  hydrobilirubin  are 
ite  propertiei^  of  fluorei>cei>ce,  when  treated  with  zinc  chloride,  and  it« 
ab!toq)tion  Hpectrum  under  various  cnnditioiLit. 

Whereas  soltitions  of  bilirubin  and  biliverdin  exhibit  no  absorption 
bands,  acid  (red)  solutions  of  hydrobilirubin  exhibit  a  dark  band 
between  b  and  F.  which  fades  uii  the  addition  of  ammonia,  bat 
becomes  ^fain  much  darker,  and  shifts  a  little  towards  the  red  end, 
when  the  ammoniacal  M^lution  is  treated  with  a  couple  of  dropn  of 
zinc  chloride.  The  zinc  chloride  solution,  when  examinod  by  trans- 
mitted  tight,  is  of  a  rose-red  or  a  garnet-red  colour  &cci>n]ing  to 
coQcentratiun,  and  exhibits  a  beautiful  green  fluoreaoence  which 
disappears  on  the  addition  of  acids  and  reappears  on  the  addition  of 
aminonia. 

*  For  a  taon  recent  ramrcb  on  HTdxgbUiiiibln  Uiab  Ualj*!  «Mi*a]l  tb« 
ibllovlBg:  LsdwJg  Iii*qu6.  'UolMr  lirobUin '  (an*  dun  phjtiel  ■eauta.  IiHtiurt  n 
BMMbUBl-    J^ttttfkr.  f.  /iAj/<.  CAcmiV.  Vol.  tt.  |1S7D),  pp.  IIS9— 179:. 

■  John  J.  Abot  'Bi-tlimmuntt  ilcs  MLiWiiInr),'i"nicbl<a  Aitt  CbolaUJtim.  4m  Clioli*- 
lerini  unit  Ae*  Rjilmhiliitibiiiii  nacih  dnm  lUkoiill'nchuii  Mttfank'  (Ntmeki'i  htlij. 
Bern.),     ifanattch' f.  Chemu.  Vol,  xi.  (IBDI),  tip  til— TD, 

*  Leo  liUbermkiiii.  'UcborObaletelin  and  UjdrobilirQbtD,'  rtfflier'*  JrcMv,  VoUx. 
(1874),  p.  Un. 
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Vierordt*  has  examined  byUrobilirubiu  spectro-photumetric&lly 
both  when  dissolved  in  alcohol  aod  in  a  solutinn  of  ammonia.  In 
the  case  of  the  former  the  maximum  absorption  h  between  X519'5 
and  \50I*2;  iu  the  case  of  the  latter  between  \201'1  and  X48G-1*. 

Biiiary  Urobilin  (?). 

Jtttf  by  ttyating  th«  bile  of  tlie  dog  or  ita  alcoholic  extract  witb 
dilnta  hydrochloric  acid,  obtained  a  roddish-yellow  filtrute  which  poeeeBaod 
sptwtruHCOitic  characters  which  resenihled  those  of  a  jiignii^nt  which  he 
found  in  norinal  and  pathological  untn-ii  und  to  u-Kioh  he  subAi^ju^nUj^' 
aecribctl  th«  name  of  urobilin.  '  MacMiinii"  by  treating;  the  bile  of  Tiiiioux 
atiitDnlH  (man,  pig.  oi.  sheep,  moiis*)  with  alcohol  and  acetic  acid,  filUTJrtg, 
dilntiug'tbe  tiltrate  with  wat*ir  iind  Hhidciog  with  oldorofomi  obspired 
tbat  an  orantfv  iFolulion  in  iioiii«tim*M  obtuin«d.  Hu  cvupurut«d  this 
coloiirpd  sulution  on  iho  n-uter  batU  and  oxtractrd  tho  residue  nnth  rvctificd 
spirit.  The  solution  {xjaaeased  two  baoda  vt^ry  like  those  of  hydrobilii-ubin. 
With  nniuoniu  liud  zinc  chl'iridc  it  tustuiuod  h  rvd  colour  which  Oil 
ex[<o»un.*  to  air  exhibited  ii  grcou  fiuoivacenci'.  Thio  piguiont  ia  accoidiug 
toMacMunn  probably  formed  Ld  the  liver  from  hydrnbiliru bin-like  prodncta 
carrifd  to  it  from  th«  ioteotine  by  the  porttd  blood. 

It  is  wdl  to  point  auC,  howuvvr,  ttiat  the  bil«  of  no  aoimal  during  life 
or  iiuiu><d lately  after  death  Hxhibits  vhametfire  which  entitle  uh  to  admit 
the  existence  of  a  biliary  urobilin  and  that  by  the  methods  employed  by 
JiiflK  aod  by  MocMuim  iteeuiiiliiry  prudncts  are  foruietl  wliich  we  have  no 
right  to  claas  amongst  jtroximHte  priiicipteii.  Of  luch  a  nature  in,  without 
kidiadow  of  doubt,  biliary  urotiilin. 

The  Mibji-ct  of  urobilin,  ur  rather  of  the  urobiliuoid  bodiot,  will  be 
ooandemd  in  couueclion  with  thv  urinitry  piguienl*.  In  thiit  place  il  will 
be  merely  remarked  tbat  according  to  the  majority  of  physiological 
<Jiemtbta,  thette  bodice  whicli  hove  iivver  b««ii  obtained  in  a  pure  condition 
or,  in  a  slrialy  M-irntilic  kcuhc.  |jrovt-d  to  lie  individuul  tuUlanona  are,  if 
not  identical  with,  yet  iiiiniediiitely  n^lnti^id  to,  the  product  which  Maly 
vbtatued  by  the  action  of  reduciut;  aijcata  on  bile,  and  to  which  he  nscribed 
the  tiaiue  of  hydrubilinibin.  With  lhi&  view  the  Autlior  entirely  coticura. 
MacMunu  who  ha«  paid  great  abt«iitioii  to  thas  eubjecc,  ia  of  a  differeBt 
opinion. 

It  appears,  however,  inadmissible  to  draw  far-reaching  ooncliiaions  aa 
to  th»  existence,  origin,  identity  and  relations  of  complex  orgonio  bodlM 
iservly  from  the  study  of  the  aintoqition  spectra,  or  rather  of  the  abiorptioa 


■  Vieruixll,  -Die  AuireuJung  iIm  SpeolrslapparaMi  but  Pliotoiuetrie  der  Abtotplion* 
^•ctnn.'    Tainugcn,  1673. 

■  Th«  origiaal  ob)«iTBtiaBi  of  Vi«n>rdt  on  lli«  sbMrptioo  vpMtia  of  b}-drobilinibiii 
aie  KpriolH  in  ibu  work  entiUMl  Kol^rimetrM  umt  ^uantitatfp*  Sptt:tfalanatffu  im 
(ktrr  .litttfOjiunj  in  lier  Chfuiit  ton  Dr  Oerhanl  KrOu.  a.  o.  l*rofeuor  ili<r  Clwial*  In 
der  K«l.  Uniri-tniat  in  Muiidivu  uuil  I'r  Uu|j^>  Ktilii  In  Banibum-  Usubuit  and 
LeipiU.  1691.    Bder  to  pkom  3U  aud  SIS. 

*  Hu  JalM,  '  Boitnc  sar  RmnCniwi  di-r  l^sJku  nu<t  Usnipignirnte,'  Ctntnli^Att 
J.  d.  swd.  WImemeka/t,  Vol  ru  11688),  pp.  »iu— US. 

*  JoSi, '  Zoi  Lcbn  TOD  deo  Eigonsobafteo  and  d«r  Abttariuniing  dnr  HanipicnMnt«>* 
ViMknt's  Arehit.  Vol.  n.vn.  (leSfl),  fp.  iOS~-t97. 

*  SfsreMojiB,  PnxtntinfM  of  tht  Soj/at  Seetttj/,  IBM,  Na  308. 
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bauda,  of  organic  fluids  or  extracts,  and  of  the  chsngra  which  tboy  exhiliit 
uudor  tliu  iiiiluvncc  of  certiiin  reog^uto.  Suvb  a  utudy  abould  only  k&H 
hintu  for  invf^ignbioDS  to  hu  cundticwd  hy  lite  recogiitned  method*  «f 
oheinii»l  iDViwtJ^tion.  It  u  oiity  by  a  B|ie<;t  i-o-phoUinietrii;  stttdj  ol  • 
lai^  tmuiber  of  spectral  leipoiit  tlial  the  identity  of,  or  tk«  opUaU 
didV-rrnors  fxtutiug  bolwcini  iwo  Ijodica  ciiii  l«e  iwtAltli»l»e<I.  So  K^raRt  uv 
tho  modifieatioriH  iii  lig)it  absui-ption  iutroducwl  l>y  ci>in|aniti>'(Oj  trivikl 
circuQUtauees  that  the  gr*iiteiit  cuution  should  b©  exerciHod  in  conehultBg 
as  to  diir«reiici--a  Wtwet^u  oUicrwiiMt  rnlui«d  bodicn  on  tike  ground  of  mpbc 
vurlntion  in  tlieir  pow(>ni  of  absorhing  light. 

Biiicyamn, 

It  has  alreatly  been  stated  that  when  bilinibin  is  sitbjocted  totlw 
oJcidiHiiig  action  of  nitiic  and  nitrous  acidn,  one  -ttugc  iu  the  rcoctioo 
which  ensiien  (Qnielin'!)  reaction)  is  oliaracterizeil  by  a  beautifal  bloc 
colour  aud  by  a  somewhat  characteristic  absorption  apectmtn.  Several 
observers  have  attempted  to  separate  the  body  upon  vrhich  the  blu* 
colour  depends  aiu),  ulthougU  it  U&s  uever  yet  beeti  obtuaed  in  a 
state  to  admit  of  scieotifiu  rostorcb,  it  has  already  received  various 
naiRC& 

Stadeler*  was  the  6r«t  to  attempt  to  separate  tbia 
Trepantloa.  cQ[yQf;ng  matter.  He  added  coticenlmWsd  nitric  acid, 
containing  some  nilrouH  acid,  drop  by  drop,  to  a  dilute  &[uinouiac«] 
solution  of  bilirubin,  adding  from  time  to  time  anitnuiiia  in  qiianliiy 
Bunicitnt  nearly  to  ncutraJise  the  excess  of  acid:  there  is  thus 
obtained  u  yrucu  flocculcut  precipitate  whicli  gradually  turua  blue. 
After  waiiliiiig  Willi  natter,  the  f^reuu  pigment  ia  extracted  by  uiaaus 
of  alcohol,  which  leaves  a  dark  bluo  powder  undisMlvcd.  The 
quantity  of  this  aubstaiiee  obtained  by  Stkdeter  did  not  permit  of  its 
in  veati?atiou. 

Jant^'  mollified  Stadeler'g  method  somewhat  An  alcoholic 
aolutiou  of  bitiverdiu,  or  a  mixed  aiumoaiacal  and  alcoholic  solution 
of  bilirubin,  is  treated  exactly  as  Stildeler  recommended.  As  «>on 
as  the  blue  colour  has  bc«u  developed,  the  liquid  is  mixed  with 
chloroform  aud  distilled  water  and  f^hnketi.  The  blue  cliloroforas 
solution  is  repeatedly  shaken  with  distilled  vv-ater,  any  biliverdin 
which  lias  separated  in  liltcn-d  off,  and  tlic  chlorofitrm  soUitiuD  allowed 
to  evaporate  Bpontaneously.  The  residue  is  freed  from  traces  of 
biliverrlin  by  repeated  solution  in  ehlopoform. 

Stok%'i3*,  and  afterwards  Heynsius  and  Campbell*,  altemptvd  to 

1  Stideler,  'Uebcr  die  ParbttotTo  der  aallc,'  dnnttlen  <l^  Chemir  m.  Pimm. 
Vol.  cxiin.  (1864),  p.  SSa. 

'  JaR^  'Znr  EMintiiiM  i.mc  QalUn  und  HaropigmcBte,'  CtntraUtUtt  f.  4.  mt4. 
]yi>>ftt»ehafl,  lfl(!8,  p.  2-12. 

'  B.  J.  Stokvis.  ■  U«liiT  UaltenfarbBloff^,'  lirr.  d.  d.  Chm.  (J/mUmA.  Bwlia.  1971. 
p.  ;»3.  MhI/k  Jiihrftlieritht.  Vol.  n.  299:  'Dm  Omelin'Mba  (bUiie]  Oxydaliow- 
uroduici  iltT  UnJIeiifariintoflei.'  Cmtmtliltitt  /.  d.  and.  H'tueimcltiijt,  1873,  no.  Mk 
Mttlf'fl  Jali'tthtrichl,  Vul.  II.  p.  3S9, 

*  HcTUHiiis  unij  Campb«ll,  'Din  OirtUtioDiprodiuto  d«i  <hll«iifactMto9«  and  Ihit 
&bBorpiU(fnutreifen,'r^tilt«i'<aro;hi4-,  Vol.  it.  (1671),  pp.  BMtltei. 
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separate  tlie  blue  colouriujf  iiialt«r  and  deecribod  its  spoctroscupic 
cbaractere.  StokviK  named  it,  in  the  tirat  instanco,  cliolcvcrdiu  aud 
aflerwardg  eholocyuniti,  wbiliit  Hevnsiua  ami  Campbell'  applied  to  it 
the  term  bilicyanin  by  whicli  it.  is  now  known, 

Pb7*i»i  ud  The   prndiicl  which  we   are   nov  conaideriug  has, 

ebMueai  pt*-  doubtless,  not  been  obtained  in  a  pure  condition  anJ 
J?I![*^  t'  has  never  been  subjected  to  analysis.     It  is  not  there- 

lore  surprising  that  the  uescnption  of  its  propenieR. 
given  by  the  various  persons  who  have  iiivostigftted  it,  oliould  diiTer 
tnateriatly.  An  hoi  already  been  ntated,  acconling  to  SttUlelcr,  bili- 
cyaniD  presents  the  appearance  of  a  blackish-blue  powder.  Aoeord- 
ing  to  Ja^lfi,  if  (reed  from  every  trace  of  acid  it  i»  not  blue  but  dark 
violet.  Jt  in  iniidluble  in  water  but  readily  soluble  in  alcohol,  etber 
and  choroform,  imparting  to  these  liquids  a  beautiful  violet  colour 
which  is  changed  into  a  lovely  blue  on  the  addition  of  a  tracA  of 
aci<l. 

Acid  solutions  of  biticyanin  present  two  absorption  bands  which 
are  identical  n-itli  those  which  are  Keen  during  the  fir.st  stage  of 
Gmclin's  reaction  and  which  are  situated  on  either  side  of  the 
D  line  (see  Plate  I.,  Spect.  3).  The  band  between  b  and  F  which 
can  be  feeu  in  the  spectrum  of  Gineliu's  reaction  v»  not  due  tu 
bilicyanin,  as  wax  supposed  by  Heyuaiu;^  and  Campbell,  but  to 
the  more  oxidised  pmluct,  choletelia.  Acconling  to  Jatfi^.  neutral 
and  alkaline  Holiition.>i  of  bilic)'anin  exhibit  no  absorption  bands. 
According  to  Heyn.siu»  and  CuinpWII,  they  preitent  equally  strong 
absorption  bamts,  though  thoir  position  is  dilferont;  they  are  itome- 
wbat  shifted  towards  uic  red  end  in  the  case  of  the  neutral  and 
alkaline,  as  conipareil  with  tb<?  acid,  solutions. 

Bilicyanin  appcan,  unc|uestionably.  to  be  a  product, 
or  a  mixture  of  products,  resulttug  from  the  nioderalo 
oxitlation  of  bilinibin  and  biliverJiu.  This  oxidation, 
if  carried  furtJier,  fumiahea  the  body  to  be  HubHequeutly  described  as 
cholt;t«lin.  Bilicyanin  occura  occasionally,  in  small  quantities,  in  gall- 
stones. 


Kfttur*  Aad 
rvUUen  of 
bUlcyaala. 


CkQletelin'  CC.,H„N,0„?). 

The  name  cfaolet«lin  was  given  by  Maly*  to  the  product,  or 
mixture  of  prxxlucls,  which  resulu  from  the  prolonged  action  of  nitric 
and  nitrous  acids  on  the  bile  colouring  matters,  ihe  formation  of 
which  coincides  with  the  tinal  (yellow)  sU^o  of  Qmelin's  roactioa, 
which  IK,  therefore,  now  often  desigaated  the  cholet^-ti»  stage. 

'  The  rud«r  who  i*  ipcciiJl;  inMraaUd  in  biUcyuiiii  u  nfarrvd  to  tlx  uUc  of 
•pMltA  ohieli  MeoaiiMtnia*  Ih*  proneiwly  flihd  |Mp*t  of  Hcjntiu*  kad  CMupbeU. 

*  I>ariv«d  bma  X;*\1t,  biU  and  riXu.  m  and. 

«  iSttly.  Sltruni^thtr.  d.  H'r^nw  Jhut.  Vol.  lth.  3  Ablh.  FiOir.  IMS:  VoL  lw. 
3  Abtb.  April.  IMjn.  The  Mooanc  here  itirva  of  ebol^Ltlio  is  tikan  from  Ihc  Mcount 
tfi^m  bj  Half.  BernuoD'*  HanMach.  Vol.  ni.  p  l(U. 
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on   arsenic.     The    1141111!   ftssumes  gucressivelv    all    ibe 
melin's  reaction,  the  bilirubin  diseuWes  &ad  a  clear  \\>]n\A 


Bilirubin  is  au<;peii(ied  in  alcobol  and  th«  mixlTuv 
treated    with   nitron?  acid,  evolved   br  the    acMon  of 
nitric  acid 
colours  of  Gmeli 

]3  obtnined  of  a  Tellowisb  red  colour  and  possessed  of  slight  tinctorial 
power.  When  tliis  liquid  is  pouitd  into  water,  cholotelin  separate 
in  iho  fonn  of  flakes  having  tho  colour  of  ferric  oxide ;  these,  when 
dried,  furnish  a  brown  powder.  CbuleteUn  has  not  been  crv»taUi«e<l ; 
it  IK  soluble  in  alkaline  solutions,  from  which  it  is  precipitaied  00 
tho  addition  of  acids ;  it  is  soluble  in  chloroform,  alcohol,  ciher 
aod  acetic  acid. 

Acid  solutions  containing  chotct«lin,  a»  for  example  the  yellov 
liquid  which  is  obtained  in  tlit-  final  stage  of  Omelin's  reaction, 
exhibit  an  abewption  band  between  6  and  F;  this  absorption  band 
itt  gi>nerall)-  vi.sible  at  the  same  time  as  the  two  biUcyaiiin  bead«, 
though  it  does  not,  aa  Heynsiua  and  Campbell  believed,  belong  to 
tbnt  Kubstance. 

According  to  the  observations  of  Maly  and  of  Liebennana*. 
neutral  alcoholic  solutions  of  choletelin  exhibit  no  deflnite  abeoriitiuD 
band,  and  the  aeciinicy  of  their  xtntements  is  placed  beyond  ooubt 
by  the  very  complete  speelro-photometric  determinations  of  Viemrdt* 
who  made  the  interesting  additional  obs^ervation  that  an  alkaliiM 
solution  of  bilivenliu  left  to  itself  for  &Q  dayei  yielded,  reaults  on 
spectro- photometric  analysis,  which  corresponded  exactly  with  thoM 
which  wiiuld  be  yieldud  oy  a  auliitiun  containing  a  mixture  of  pure 
bilivenliu  and  choletotiu. 

BolftUoni  of  We  have  already  referred  to  tbc  fact  (p.  320)  thai 

ol)ol«t«UiL  to  the  action  of  nitric  and  nitrous  acids  on  bilinibio,  as 
ih«W]»o^iur.  determined  by  a  conipa.ri8on  of  tho  elementary  com- 
**  *"*  position  of  bilirubin,  bilivordiu  and  cholotelin,  is  one  of 

prugreHsive   oxidation    and    that    the   amount   of    nitrogon    remains 
unchanged. 

C  K  O 

Btlimbin  contains  67i{  9fi^  16-SJ 

Biliverdin       „  63'6..  93,.  21-2„ 

Choletelin       .,  5S'i>..  91  30-0,, 

Relying  on  the  very  misleading  fact  that  the  band  obnerved  in 
aoid  solnlious  of  choletelin  occupies  very  nearly  the  position  of  the 
well-marked  band  of  hydrubilirubin,  Stokvis,  as  well  as  Hevnuos 
and  Campbell,  expre-ised  the  belief  that  the  products  of  the  actioa 
of  nascent  hydrogen,  *a  the  one  hand,  and  of  nitric  and  nitnius 

VoL  «.  (1H7*).  V  a«.  ^^      -rnw, 

»  K.  Vicrordt,  '  rh»»iolo(!;i!wlw  BpoctmliLn&lj'Min,'  Zriuehrifi  fUr  Bivtimt    Vol  x 

afl74J.  PP-2t--58»BdVol,  1.  Sim-»U«.     A  rety  oompluto  •b.lTMl  ol  Ibe  put  .rf  iti^ 

C,p«r  which  <i««l«  with  ihu  «t><K)ir9-photoiiiouy  of  the  bila-colaurina  muicra  w  cnai  is 
»ly'„   J«Ar«Wr.>A(.   Vol.   iv.    p.   7»t-8S.      A   |»bl«  givlnK   Um   apMlio.pbeWaMlta 
oon^lAnU  ot  dioleWUii  u  to  b«  round  In  Kiiiia'*  •  Kolonuatria,  Aa.'  p.  811. 
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ftcids,  on  the  other,  were  identical — in  other  words  that  choletelio 
u)d  hjdrohilinibiti  were  one  and  the  same  sabstaiioe.  Heyuelus 
accounted  for  the  same  body  beiog  pioduccd,  under  such  oppoeito 
circumstances,  od  the  hypothesis  that  it  was  a  product  uui  of 
oxidation  or  of  reduction,  but  of  the  eplitting-up  of  the  molecule 
of  bilirubin  or  bilivcrdiii :  it  bviug  true  that  tho  decomptuutioii 
of  some  very  complex  subetances  sumetjines  occun  under  cLrcum- 
■tances  which  are  widvly  different.  Liebermann  ahewerl.  how- 
ever, that  when  he  converted  bilirubin  into  hydrobiiirubiTi  the 
product  amounted  to  SSJ  of  the  bilirubin  employed.  whiUt  when 
he  convBrt43d  it  into  choleteHn,  the  product  obtained  only  represented 
72'g  of  the  bilinibin  emptoyed.  A  conaparisuu  of  the  elemeiiiary 
composition  of  bilirubin,  hydro  bilirubin  and  of  cholct«Iiii  at  once 
deraoDBtratee  ihe  wide  dinereDCe  which  exiata  between  the  two 
Utter  substances  ta  well  as  iu  their  relatioua  to  bitirubiu. 


COUPOSITIOK  OF  BILIIITJBIN.  OHOLGTBLIN  mV  EYDBOBtLIBURIS. 


1 

Bilinibin 

Cha1et«liii 

Bjdro  bilinibin 

Carbon 
Hydrogen 
Nitrc^n 
Oxygen 

671 

6-3 
9-8 

BS-5 
6-4 
91 

300 

CI -9 
6-7 

U-9 

The  fi>Ilowing  tabular  statement  brings  out  very  clearly  the 
points  of  difference  in  physical  characters  belweeu  hydro  bilirubin 
and  cboletoUn. 


' 


Produced 

mbin. 


from     btU- 


Hjdrobilinibiii. 
By  rcJurtioo. 


Gtaedmitn. 

By  oxidation. 


The  tiiitfctrvin  of  a  ««(■ 
Irtu  alouhulic  hoIu- 
tion. 


Colour  of  an  acid  solu- 
tion. 


EzhibitJi  an  abmptioa 
bund  betwasaXSOl  2 
and  X486'l. 


Gamet-red  to  roM-r»d, 
aocoi-dirig  to  coiicen- 
tnttion. 


Xo  alnorjition  1>aiKl. 
The  alMorption  of 
lif[t>l  Iwtwvpii  A501-2 
and  X486-1  i«  J^th 
of  ttiHt  a)iiii<rvi<a  in 
Uw  can*  of  hydro- 
bilirubin,  eal«n»  pa- 
rUnu  (Visrordt). 

Yellow. 
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Coluur  of  nlkiLliriv  »olu- 


BrowtiiiJi-yeUow  to  yel- 
low, ftcconliiig  to  coo- 
oentratioD. 


Fluort>iiic«nC  prop«rti«s     ExhibiU  a  gromi  fluor- 
of    lui    aumoni&cal         eeoence. 
Bolutioii    iMnUdniog 
tilU). 


Keaotion  wlien  trcnted 
with  one  i!ro|)  of 
)iul)iliuric  ftcid  and 
a  liiky  grain  of  salt* 
[wtn*  ^Lit^liHrmaiiii), 


CbolcUlln. 


Yellow. 


No  fluomscatice. 


Ezhibj  u  tli«  variegated     Nrnia 

onlourv  clinracMristJc 
of  Guelin'fl  reaction. 


Sect.  10.    Imperfectly  ravKSTTGATED  Colouring  Matters  not 

PREEXISTENT  IN  BiLB,  BUT  DEItlVEI)  PROM  CintOUOGEN$  EX1HT> 
ISO    [N   IT. 

1,     ChaUthwniaiin. 

When  the  bUc  of  the  sheep  or  of  the  ox  is  examined  tome  tdnic 
afl^r  death,  ciqwcially  after  it  has  been  w<?I}  shaken  with  fur.  it 
usually  presents  an  absorption  spectrum  which  is  characturisod  by 
the  presence  of  four  absorption  baudx  (8e«  Plat«  IL  6g.  I)  the 
position  of  which  wiU,  ia  the  xvquc),  bu  indicated. 

B^P*-  In    the   third    edition   of   bis   practical    hftndbouk. 

^"'*  published  in  1)S70,  Hoppe-Seyler'  sponking  of  the  bilu 

of  the  ox  deacribed  it  as  possessed,  when  fresh,  of  a 
green  colniir  and  exhibiting,  when  tolerably  thich  layers  are  examined 
with  thu  apectn>sco[ie,  an  abttorption  band  between  D  and  £,  but 
nearer  D.  He,  however,  aaierted  that  when  such  bite  Is  kept  it 
exhibits  a  npectnim,  also  obeerved  in  the  caiw  of  the  alcoholic 
solution  of  evaporated  ox-bile,  miLrted  by  4  absorption  bands,  of 
which  one  ia  close  to  C,  a  («cond  between  (7  and  D  out  closer  to  D. 
n  third  between  D  and  E  but  closer  to  D,  aod  n  fourth  in  the 
proximity  of  E,  This  author  remarked  that  the  colouriue  matter 
which  occasions  this  spectrum  is  also  found  in  sheep's  bile,  oui  that 
nothing  waa  known  in  regard  to  it 

In  1871,  in  their  already  quoted  paper.  Heyn^ios 
and  Campbell  gave  an  admimble  and  in  nil  respeeo 
accornte  plate*  uf  the  spectrum  observed  on  examining 
an  Hlcoholic  solution  of  ox-bile.    They  made  the  most 


TtiaobMr- 
vauoni  of 
HtvaMuaiUl 


>  F.  Hoppv-Sa^In,  Ilamdlnuh  iwr  jAift.  n.  patK  ehtmUch.  JmJjtw.  Dritte  ltd. 
B«riin.  1870,  p.  1«. 

■  A.  a^iidiu  and  9.  P.  ?.  CampMl, '  Dio  OsjdatiaDqndaaU  dar  QtOmttrntUtiA 
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important  assertion  tbat  llie  bile  of  tlio  ox  iti  the  fresh  condition 
presents  ao  abriorptiou  bands,  and  that  evcu  the  aicoholic  exlmct  onljr 
prosn:*nt'<  bands  nftor  cxpor;ure  to  air. 

Kt«KnBa'>  ly  ]aS0  MacMunii'.  ubv-iounlj-  iiuac^uaiutt^d  with 

ob^rTfcUoM.  jjjQ  pfevioua  observatious,  doHcribGd  the  bilH  of  the  ox 
antl  sheep  as  follows: — "When  obtained  fi%»h  it  is  green,  but  sonn 
ohanges  to  reddish-browD,  and  preMPiita  esnrtly  tim  same  .'Spectrum 
when  obtAined  from  the  ox  that  it  doe^  when  it  is  got  from  the 
sheep.  This  spectnim  is  a  very  tine  one,  and  presents  in  n  deep 
la>ur  three  bauds,  in  u  thiuner  oue  four  bands,  and  la  a  still  tbianer 
a  fifth  baud  at  i^  is  visible." 

Subise(|ucutly  MacMunn  published  more  detailed  descriptions  of 
the  eolouring  malttr  which  occaHiaiicd  the  jieculiar  spectrum  in  the 
bile  of  the  ox  and  sheep'  and  aftsigned  to  itv  because  of  its  supposed 
genetic  relationships,  the  name  of  cholohi^matin';  to  MocMunn's 
researcheft  we  nhall  again  refer. 

Th«  reader  will  have  remarked  the  great  dis- 
crepancy between  the  results  of  the  three  sets  of 
researches  referred  to  and  it  appeared  to  the  Author 
dt-sirablc  to  dctcroniDC  whether  the  so-called  eholo- 
liujia&tiu  ever  occurs  in  the  bile  at  the  monieut  of 
death.  In  order  to  >K:ttlu  the  point  be  completely 
filled  steriliiied  pipettes  with  bile  collected  from  the  gall-bladdeni 
uf  oxen  and  sheep  inunediately  alter  the  aaLnials  hitd  been  killed, 
aad  at  ooee  sealed  the  pipettes  in  a  6ame,  taking  care  to  iK-chide 
DO  air.  At  the  same  tiue  Mitnples  of  the  same  bile  were  collected 
in  stoppered  glass  Itottles,  caie  being  taken  that  the  liijuid  only 
partially  filled  them.  Thc«e  bottles  were  then  shaken  bo  oa 
thoroughly  to  mix  their  liquid  and  gaseous  contents. 

From  a  large  number  of  observations  it  resulted  that  the  bile 
when  obtained  from  the  gall-bladder  of  the  ox  or  rthi'vp.  withuut 
coming  into  contact  wiib  air,  does  not  exhibit  the  spectrum  ot  eholo- 
tuematin,  though  in  thin  layers  a  somewhat  indelinitv  absorption 
hand,  having  itti  centre  at  about  \490,  is  viHible.  Wheu,  however, 
such  bile  is  shaken  nith,  or  exposed  to,  air,  within  an  hour,  the 
absorption  bands  on  either  side  of  D  eommencc  to  appear,  the  one 
between  D  and  E  buin^  ihu  darker  and  more  easily  recognisablci 
It  is  very  much  later  that  the  eotopletu  spectrum  of  cholohiematiD 
ia  visibk-,  ijs.  that  the  bands  near  G  and  between  E  and  h  make 
their  appeaisuce. 

It  is,  however,  to  be  noted  that  the  change  which  occurs  in  the 
colour    of    the    bile    and    in    its  s]>ectroscopic  appearances  is  not 

und  ihre  AbBorptioomtniileD '  |<iith  plUo),  Pflilttor's  Arckiw,  Tot.  rr.  Me  MO  sad  Ml 
anil  met.  12  («1d,  m1.  ma  frl  Mori  bafdmt.). 

■  HMMunn,  The  Sj>f<tnneopi  in  SltJUdnt,  London,  1880,  mm  |>.  1£8. 

)  MkoMuno,  PrvetfMuft  vj  tkt  Riryal  S^iflj/,  IftSS,  no.  9M. 

*  MfccMnpn.'Btl*  Vigauiata aai  OthAn,'  Joumai  of  Pk)iiiotoff!f,yo\.  Ti.p{>.  Urtwj, 
SBL 
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connected  with  putrefaction,  but  commeiwes  as  Boon  as  the  bile  is 
brought  in  contact  with  tlie  atmospheric  oxygen. 

From  these  obHervationR  it  \s  obvious  that  we  have  no  luon 
rijiht  to  SBV  that  cholohEemarin  exists  in  the  bile  of  the  ox  or  sheep 
than  t«  osiiert  that  fibrin  exists  in  the  living  blc»od.  The  bile  of  tbetc 
animaln  nt  the  time  uf  deatti  contiiiiis  u  chromogcn,  nr  chrnmogens. 
which  under  the  influence  of  oxvgen  gives  ritte  lu  a  body,  or  bfxiiwk 
vrhieh  confer  upon  the  bilo  the  spcclnwcopic  characters  Mndled  in 
the  rti-dt  instance  bv  Huppe-Seyler  and  by  He}TisiuB  and  Campb*II. 
and  afterwards  by  MacMiinn.  There  is  no  evidence  that  the  fuur- 
banded  upeetrum  h  du»  to  uue  suhatAnca  It  may  be,  Mid  prribibly 
ia.  due  to  more  than  one  substance ;  this  view  is  at  Itmit  rcndvnid 
probiLhle  by  the  fact,  already  referred  to,  that  at  on©  staj^  in  tlie 
aevelopment  of  the  final  product,  or  products,  the  apectnim  preseoto 
only  the  two  central  bunds,  and  that  the  others  are  superadded  u 
the  process  of  change  proceeds. 

The  Author  wishes  it  to  be  ituderstood  that  be  does  not  anert 
that  the  ao-called  chulohiuuiatin  is  necessarily  a  product  of  oxidatiou 
of  chrumogeu  or  chroiuugenK,  in  the  same  seufie  in  which  bilivenlin 
is  a  product  of  oxidation  of  bilinibiD  ;  it  may  be  a  mere  product  of  a 
decoiti position  which  is  initiated  by  oxidation. 

Ox-bile  is  treated  with  absolute  alcohol,  a  few  drops 
of  acetic  acid  aro  atlded,  the  liquid  is  filtered  and 
shaken  with  chloroforra.  Th«  orange-coloured  chloro* 
form  solution  is  separated,  tillered  and  evaporated  to 
dryneas.  On  dissolving  the  chloroform  extract  in  ether, 
a  ^cnish  Bohitiou  is  obtained ;  this  ia  evaporated  to  dryntias.  the 
residue  di^olved  in  chlorofurin  and  wa.4hod  again  id  a  separatiar 
funntl  with  water.  "On  sepamting  oft'  the  chloroform,  filt«rmg  ana 
evaporating  the  solution,  an  ainorphou»-|ooking  residue  of  a  dark 
sap-green  colour  was  obtained,  which  still  bad  a  peculiar  musky  odour. 
On  dissolving  some  of  this  residue  in  alcohol  and  adding  etlier  no 
precipitate  formed,  shewing  that  bile  salts  could  not  bare  been 
present," 

U  is  obvious  that  such  a  proeess  eould  yield  no  pure  substaace. 
and  that  the  question  whctb<!r  any  individual  body  exists  to  wbicb 
the  name   cholohsiioatiu  can  be  applied  remains  an  entit^ly  open 
one,  to  be  settled  by  future  researches. 
HaoBliuui'a  The  spectrum  of  choloba-matin  is  shewn  in  Spcct.  1 

of  Plate  II.  MacMuun  has  given  the  following  data 
OS  to  the  upproxiuinte  position  of  the  fonr  bands  of 
cholohaeniatin,  expressed  in  wave-lengths. 

Isl    band  centre  at  X649. 
2nd  band  Irom  X.(il3      to  585, 
3rd    band  frum  X577'5  to  561  "5. 
4th    band  from  X,537     to  oSl'b. 

>  MaoMima,  of.  d(.,  Jovmat  oj  Phyi.,  ToL  vi.  pp.  96  aod  SO. 
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Bfttur*  ol  ctio- 


Hoppc-Scylcr  has  enunciated  tlie  view  that  th« 
s|>ectrun)  of  Lne  so-called  choluhitinatiu  is  clue  to  the 
formation,  by  a.  process  of  oxidatioD,  of  bilicyanio'. 
Mac  Miinn  very  correctly  pi>intii  out  the  erroneous 
nature  of  tbta  explanatiou*.  The  latter  author,  npon 
««venil  erouridH,  but  especially  from  the  fact  that  bv  the 
action  of  sodium  amailt^m  on  his  cholohseiuatin  he  obtAin^d  a  body 
with  an  absorption  speclnini  very  closely  re.7temliliiig  thai  of  haemato- 
porphyrin,  argues  tnnt  cholohiemntin  !»  a  derivative  of  hicniatia. 
Thia  view  iu  ho  far  a»  the  aorraal  bile-colouring  mattt^re.  hiliruLiu 
and  biliverdtn,  are  concerned,  is  the  ono  whicli  niu  been  generally 
held  and  is  probably  correct,  Wlmi  the  rulatitiiui  of  the  hypo> 
thetical  iiidii-idual  (if  it  b«  one)  chrjlohiematiii  to  the  other  bile- 
colouring  matters  may  he,  is  a  tuiestioii  cuncerning'  which  we  possess 
no  information,  and  the  solution  of  which  requires  a  thorough 
chemicaJ  inveatigation.  such  as  those  by  which  Heintz,  Stadek-r. 
and  Maly  gradually  evolved  our  knnvrleilge  of  bilirubin  and  biliverdio. 
The  researches  of  MacMunn  have,  however,  served  the  useful  purjtose 
of  diHwitig  very  particular  nttcntion  to  the  subject. 

Bifijiucin  and  /tif.ihu7n.in  are  two  products,  probably  derivatives  of 
bilinibia  iind  bilivewlin,  which  are  found  in  gall-stoiipa,  aad  which  will 
bv  brii-Ry  treated  uf  i»  oonni-ctiou  with  Ibeor  coiicrvtlnuii.  BUipraein  ia 
the  name  givi-n  by  8tad«)er  to  a  colouring  matter  which  he  found  ia  ths 
gall-trtonok  of  tlie  ox  unil  which  is  now  believed  to  be  a  niixtur«  of 
biiivcrdin  and  bUiliuuua  {g.  v.). 


Sect.  11.    The  Mtrcoro  Nucleo-Alhumin  or  the  Bile. 


It  haa  already  l)een  atated  that  the  bile,  an  it  flows  from  tha 
smaller  hepatic  ducts,  is  a  non-viacid  lifiiiid,  of  which  the  specific 
oonatrtueDta  are  the  salts  of  the  bile  acids  and  the  bile-colouring 
matters,  but  that  by  admixture  with  the  secretion  of  the  glands 
situated  iu  the  mucous  membrane  which  lines  the  gall-bladder  and 
the  excretory  ducts,  it  ossutdcs  a  viscidity  which  is  most  marked 
when  the  bile  has  sojourDed  longeat  in  the  gall-bladder. 

Berzeliua  was  the  first  chemist  tv  study  the  body 
which  conferred  upon  thi>  bile  its  viscous  character  and 
he  came  to  the  concluelon  that  thig  body  was  mucio — 
a  view  which  was  held  until  lately.  The  researckes  of 
Landwchr,  published  since  the  1st  volume  of  this  book 
appeared,  have  established  that  the  true  mucius  yield,  as  essential 
products  of  their  decomposition,  when  boiled  with  dilute  mioer^ 
ocida  or  when  subjected  to  the  action   of  superheated   steam,  an 

'  Boppe-S^yluT,  ITamll/ueh  I.  phyt.  u,  path,  flttm.  ^noTyic,  £t«  Anfl.  BetUa,  1893, 
p.  9W. 

»  MaeHimn,  J'rat.  Royal  Hoe.  18S3,  No,  3M,  ttfid  Join,  of  I'h^t.  Vol.  n.  p.  M. 
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ftlbtimitioue  body  tuid  a  car1><jhyilmte'.  Lauduehr,  exponmentiuB  on 
tbu  au-callL-<l  mucin  ol'  bile,  nl>HerY«d  that  wlieu  builud  nitfa  dilulc 
acids  it  did  nut,  like  the  mucin  of  the  salivary  ^aiid«  or  Lhe  muciii 
of  Jlelir  pomatia.  yield  a  substance  which  exerts  a  reducing  Action, 
and  he  advanced  tho  hypotht'si^  that  in  all  probability  il  eonsieted  nf 
a  mixture  of  x'^l^iiliu^  with  bile  acida*.  an  hypothesis  which  hu 
howfivpr  been  disproved. 

The  researches  of  HaiumarsttfD'  and  other*  \i*it 
ma<le  iis  iicqiiaiiited  with  a  claas  of  albumiocus  b^Jiw 
widely  distributed  throughont  the  prott>plasniii!  rfiuc- 
tures  of  animal  bodies  and  typically  represented  by 
casein,  bodies  which  ha\*e  been  associated  together  u 
ft  fnnnilv  of  the  albuminoui*  swbfttAnoes  under  the  name 
of  the  iiiicleo-aihiimuis.  Just  iDt  it  is  characterititic  of  the  aiunof  U 
split  up,  when  subjoctc-d  to  oertftiti  hydroiytic  agencies,  into  a  proteiil 
and  IL  carbohydrate  iijoifiy,  so  ia  it  a  characteristic  of  a  nucleo- 
albumin  to  split  up,  under  the  same  conditions,  into  a  protcid  and 
into  II  pho!tphoniH'Conla.ining  nuclein,  for  all  the  nucleo-atbuiniai 
conta.in  pliusphunis  as  an  cesentinl  element  of  their  molecule. 

Working  mider  the  direction  of  HamuianieiL 
I'jiijknll'  has  separated  the  body  which  confers  upon 
bile  its  viscidity  and  has  cnnc^hiiiively  pmved  that  it 
belongs  it)  the  nucleo-albuniins.  resembling  in  it«  charact«re  the 
muciu-like  nucloo-albumiii  tvhioh  Haiumarslen  discovered  to  be  a 
constituent  of  the  »yjiovial  fluid. 

The  methods  which  wore  formerly  etnptov«d  Id 
precipitfttf.  what  vvls  tcnncd.  the  mucin  of  bile  are 
not  uvailnbie  for  tht<  reparation  of  the  body.  Acids 
precipitate  nut  only  the-  nuclco-albnmin  but  alao  bile 
acith,  and  the  latter  cauiutt  be  separated  by  alccbol 
from  the  former  without  rt.-ndering  the  nuclco-aJbumiu  insoluble. 


searcb«a  of 
FKlJkuU. 
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'  H.  A.  Lkuilwe'lir,  '  UutcmucIiQa^tui  tibei  das  UucId  run  Uctix  pomatia  nad  oa 
n«ue*  KoliUnlijflrAt  (AcInxWKljrmfivn)  in  drr  WFiiibeif^LnMilie.'  ZeiUeh^.  /.  pJhr>. 
ChimiU,Xo\.\i,{\HfV2\,  pp.  Tl— 77;  'Kin  tutant  KohlvhydrAt  (IhieriMjM*  Ouuni)  ua 
meDtnhliohnn  K.-rpur,"  iMrf.  Vol.  vin.  (1»W — t).  p|>.  122— las. 

>  n.  A.  IjindnrJir.  '  Ueber  Maoin.  MelalbuMiin  und  Cualbumin.*  Zetuekr,  f. 
phyt.  ChfHiU,  Vol.  »m,  (Ifwa— i).  pp.  IH— 121,  ■e«  p,  117. 

'  iio  far  »  the  Autlior  boa  bwu  able  lo  ituco^er  HaminanUm  flni  aogxcMcil  tk> 
propriety  of  ivoogDUlng  a  gtoap  at  nucleo-atbamlnt,  and  fint  iiiUoc)a«cd  thb  Wna, 
in  the  folliwing  «i>Dt«>noo:  "Zn  d«n  govflhaliefaeo,  kttnaUieh  ilantutaUoudao  AlkaS- 
vdei  K»lk ultiiiminaien  kauu  daa  Cuocin  keioeawcg*  getedinet  ««fdaB ;  and  nvat  aua 
ea  iiichl  tu  oincr  bc«onilor«n  tirvupa  ron  SloDen.  d«D  Naelcoalbumiaan  nc^m  will— 
vraa  woU  dna  llichlis«tv  win  wurde— moM  v«hl  daa  Caacin  mil  don  frteMan  KavkW 
4>iii«n  Plata  uDtcr  den  nativun  UbuDina,l«n.  d.  L.  den  OlobuUani.  OndUa."  OW 
UaminanitvD,  'i^uiKeBntDiM  dMOaatioaniid  der  WirkiuiadcaLabftniiealea  *  tt-— w 
1877.  p.  75  :  oonault  p.  «.  * 

•  ().  Hamuiarst^n.  'Htudkn  Qbei  Uaoin  nod  tauein-ahcUehe  SubolaaMB.' »!«■*• 
Areliiv.  Vol.  ixm.  p.  878.  '^  " 

T,j, '  ^'  IS""'   fi^  ■*"  *='»'*="raW«n»  der  Oalle.'  Zeiuehri/1  JSr  ptoa.  Cktart*, 
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Two  methods  are  available  for  the  separation  of  the  nucleo- 
albumin  id  a  pure  and  aualtered  coaditioQ,  of  which  the  second  is 
the  beat : — 

Firstly.  Bile  U  subjected  to  dialysis  in  ninBing  water  for  many 
daya,  thymol  being  ndded  to  prevent  putrcfnctioD ;  in  this  wny  the 
bile  acids  and  the  greater  part  uf  the  bile  oilouriug  matters  are  got 
rid  of.  The  contents  of  the  dialyaer,  which  posscse  a  neutral  reaction, 
a  pale  yellow  colour,  and  are  opalescent  and  Romewhat  viscid,  ai'C 
precipitated  by  the  addition  of  a  few  drops  of  hydtoehloric  acid. 
The  precipitate  in  wa.^hed,  dis:^olved  in  the  Hinailest  available  quantity 
of  aolutiuu  of  Hodium  hydmte  and  the  solution  is  purified  by  di&lysis. 

Secondly.  Bile,  which  muat  have  previously  been  filtered,  ia 
mixed  with  live  times  its  volume  of  absolute  alcohol  and.immodiutcly 
thereafter,  is  centrifugali»ed.  In  10  tniuutea  the  precipitate,  which 
has  ■gzrcgated  into  a  coherent  mass,  ia  taken  from  the  tuhos,  fraed 
from  aahering  liquid  by  premising  between  liiyerR  of  filter  pajier,  and 
ia  then  broken  up  and  suspended  in  water.  It  gradually  diesolvea, 
yielding  an  opalescent,  greeuish-yeltow,  slimy  liquid.  In  order  to 
purify  It  further,  it  is  once,  or  even  twice,  again  precipitated  as 
above,  centrifugalisiKl,  ami  di££ciivud  in  water,  the  uftimnte  solution 
being  viscous ;  it  is,  however,  an  esi^ontial  condition  to  hucccas 
that  the  substance  should  remain  in  contact  with  alcohol  for  ait  short 
a  time  as  j^oasibie. 

The  neutral  viscid  solution  docs  not  coagulate  on 
boiling,  but  becomes  opaque.  If  a  trace  of  acetic  acid 
not  sufficient  to  produce  a  precipitate  be,  however, 
added  to  it  and  the  solution  be  then  heated,  an 
albumin  like  coagulum  is  obtained.  When  acetic  acid  is  added  to 
the  solution  of  nncteo-atbvmiin  at  ordinary  temperature!!,  it  produces 
a  predpitato  which  is  soluble,  though  with  some  difBculty,  in  an 
excess  of  the  precipitant.  In  the  presence  of  salts  of  the  biEe  acids, 
the  pr>»;ipitate  contains  considerable  quantities  of  the  latter  and  is 
not  soluble  in  excels  of  acetic  acid.  Thus  ia  explained  the  fact  that 
the  precipitate  of  (he  nucleo-albumin,  obtained  by  trei^ting  bile  with 
acetic  acid,  ia  insoluble  when  the  latter  is  added  in  excess,  whilst  it 
is  obvious  that  all  determinations  of  the  nucleo-albumin  made  in  this 
manner  cannot  be  relied  upon. 

A  .<iolution  of  the  nucleo-albumin  in  acetic  acid  is  precipitated 
br  potassium  ferrocyanide,  iodohydrargyrale  of  potassiam,  mercuric 
chloride,  and  tannic  acid  Aqueous  solutions  arc  precipitated  when 
treated  with  a  very  small  quantity  of  hydrochloric  acid,  the  flocculeut 
precipitate,  thus  produced,  being  readily  soluble  in  excess  of  hydro- 
chlonc  acid.  The  aquRous  solution  is  precipitaUxI  by  all  the  general 
reagt.'Ut^  which  precipit.'it<>  the  albuminous  Bubutances. 

The  following  reactions  are  of  special  importance,  as  distinguishing 
the  mucoid  nucleo-albumin  from  the  other  groups  of  albuminous 
subst&Does,  on  the  one  hand,  and  from  the  mucins,  on  the  other: 
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1st.  The  solution  in  0*3  pg  HCI  mfty  be  long  heated  to  AffC. 
without  giving  a  prucipitate.  If  huwevvr  pepsm  1>e  added  to  tlie 
acid  solution,  heated  to  40°  C,  a  tloccuk-nt  precipitate  soca 
!>epiirate!i.  ThiH  behaviour,  towards  hydrochloric  acid  and  hydro- 
clduric  acid  &nd  p«p»iu,  is  characteristic  of  thu  uucleu-albutniiis  u  a 
class.  Sod.  The  nucleo'albuinia  when  boiled  for  hoars  willi  dilute 
mineral  acids  yields  no  substance  possessing  the  power  of  redodag 
Fi-bliug'fi  solution.  Thiit  behaviour  distiuguiabes  the  nucIeo-EdbuBUiB 
from  the  mucins.  3rd.  When  the  puritied  and  dried  Ducleo-albumio 
is  fused  with  a  mixture  of  potu.'ssium  bvdrate  and  saltpetre,  thi» 
fuK^d  maii»  in  found  to  contain  phu^pboric  add,  and  in  such  pto- 
portion  as  to  prove  that  phosnbnrufl  must  have  been  present  iu  u 
oxidised  form ;  for  the  quantity  of  phoophorie  and  in  greater  than 
could  exist  in  combination  with  base^,  even  assuming  the  entire  uk 
obtained  on  igniting  the  nucleo-albumin  to  consist  of  calcium 
phosphate. 

It  has  beea  stated  that  the  mucoid  nucleo-olbumin  of  the  bite  la 
derived  from  the  mucous  membrane  of  the  gall  bladder  and  biliary 
passages,  an  assertion  which  is  proved  by  the  fact  that  by  treatiag 
the  aqueouB  extract  of  the  mucous  membrane  with  an  excew  M 
acetic  acid,  a  substance  is  precipitated  having  the  same  characters 
and  the  same  olomcntarv  compnsitLou  as  the  nncleo-olbumia 
obtained  from  the  bile,  by  tne  previously  described  methods. 

Reeuiti  or  Xho  following  are  the  results  of  the  analyses  of  two 

iSffl?^         apecimcoa  {No.  1  and  Not  2)  of  the  nuclco-albumia 
prc'paryJ  froui  the  bile,  and  of  one  tpecimen  (So.  S) 
prepared  from  the  mucous  membrane  of  the  gall  bladder. 

No.  1.  No.  3.  No.  a.  UcM. 

Carbon              —  50-87  50-91  60-«9 

Hvdrogen           —  6-74.  073           6-735 

Nitrogen          16-10  16-09  16-22  IC'lt 

Sulphur            1-58  174  164          \M 

Ash  _                0-40  0-73  1-3G 

As  the  substance  contained  phosphorus  iu  combination  witl 
calcium  and  iron,  in  additiou  bo  pbospLorus  in  organic  combinatioD, 
the  amount  of  the  latter  could  not  be  determined. 

It  is  interesting  to  observe  that  the  percentage  of  nitrogen  in  the 
nucleo-albumin  (1614  ]>§)  is  much  higher  than  in  the  muans,  which, 
according  to  the  lal^>at  analyses,  contain  onCy  from  11'7  to  12'3  p}. 

In  addition  to  the  mucoid  uucleo-albumin,  bile  is  said  to  contain 
traces  of  normal  mucin. 


CHAP,  ir.] 


THE  CB0LE3TERIK  OF  THE  BULB. 


380 


I 


I 


Till  eHolH- 
urla  ■  o(  bUa. 


Sect.  12.    The  Cholestebin,  Fats,  Soato,  Lrcithik  and  remain- 
iKO  Ohqanic  Constituents  of  the  Nokmal  Bile. 

In  odilitioD  to  ita  gpccific  coQatibiieute — the  salt's  of  the  bile  acids 
and  the  hile  colouring  matlors — »nJ  to  the  mucoid  Ducleo-albuiuiu, 
the  bile  contains  iu  aolutioa  the  followiDg  orgauic  iiubstaiiccs : — 
cholesteriu :  palmitiii,  st«arin  ajid  olein :  alkallue  salts  (-t.0.  suapit)  of 
p&imitic,  stearic  and  oleic  acids :  lecithin  or  its  producta  of  dccom- 
poMitiou :  a,  trace  of  urea:  a  trace  of  a  diastatic  ferment.  All  them 
bodies  Are  described  in  other  parts  of  this  work,  and  the  amounts  in 
which  they  occur  in  the  bile,  so  far  as  they  can  be  determined,  will 
be  found  in  tho  tables  oxhibitin^  the  results  of  the  onalTsc^  of 
the  Iwle  in  Sect.  15  of  the  present  chapter.  It  is  only,  therefore, 
□cedful  in  this  place  to  make  a  few  remarks,  chicSy  with  a  view  to 
emphasizing  the  relative  importance  of  certain  of  these  constituenta. 

An  absolutely  con&taat  constituoat  is  cholesteria, 
which  is  present  in  the  bile  of  man  in  the  proportion 
of  &om  0*5 — 3'd  per  1000.  This  constituent,  which  is  insuluble 
Id  water  or  aqueous  niline  Holiitions,  is  soluble  in  solutions  of  the 
sdts  of  tho  bile  acids  and  of  soaps  tiud  neutral  fats,  and  it  in  in 
virtue  of  these  constitueuts  that  the  bile  is  able  to  hold  cho- 
IcMterin  in  solution.  Whcu  wc  inquire  whether  the  choleaterin 
of  the  normal  bile  is  formed  in  the  liver  or  merely  separated  by 
it  we  come  to  the  conclusioD  that,  almost  certainly,  the  liver,  in 
reference  to  cholesterin.  acts  purely  as  an  excretorj'  organ.  Cbo- 
leiterin  is  one  of  the  principal  coastitueuts  of  the  white  matter 
of  tlie  brain,  of  the  spinal  cord,  and  of  medullated  nerve  fibres, 
and  it  is  a  cooatitucnt  of  the  blood  corpuscles;  it  appears  most 
likely  that  the  funcliun  of  the  liver,  iu  reference  10  it,  in  to  separate 
from  the  blood  the  excess  of  cholesterin  which  ta  set  free  tn  tho 
metaboHc  changes  which  liave  their  seat  in  the  nerve  centreR 

Thia  view  rv«Ui  upou  tkcor«i>cal  cO'Dsidcratioui)  as  well  n«  npoo  ocrtAiu 
beta,  a  thorough  control  of  which  ia,  however,  itr;;ently  nuedrd  at  the 
pment  time.  It  waa  for  example  assart^  by  Austiu  Flint,  b«  a  result 
of  appurently  Cftrvful  iuveetigati<»is,  that  ik&  blood  of  the  jugiJar  vein 
iuTariably  coatainH  much  more  choluiitfiriii  than  thai  of  tho  carotid  nrtcry. 
AlthoQ^  Flint  baaed  upon  his  researoheK  a  hytiothcKis  which  has  not 
stood  £e  test  of  fnrther  experiment,  the  facts  sbove  r»cord«>d  ha^'e  not 
hitherto  been  <]in|>ror(vI.  Agun  Freriolu  and  Becquerel  and  Rodii-r  oBsort 
that  in  oiaeti  of  jaundtce,  with  complMe  obstruction  to  tha  flow  of  bil« 
into  the  int«atuie,  the  amount  of  cholesterin  in  the  tlood  is  remark- 
ably increased.  It  must  be  adtnilted  Uiat  it  in  in  the  hightst  dcgroa 
aJvisabla  that  thi»e  particular  detenu inatio as  ahoulJ  be  n-jMnted,  the 
■oeomto  metliodB  of  BDslysi«  which  wp  now  employ  being  snbatituted  for 
the  omder  methods  of  the  earlier  enquireng. 

1  TbadsHripUon  of  CbolcMcrio  will  be  (ound  In  Vol  t.  (Irt  edition),  pp.  MS— U4. 
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Naanyn  mainly  ou  the  groand  cf  experiments  oo  rabbiu  vith  tm- 
pontT)',  and  doga  'vitli  pvrmaiieul  biliary  Eslulft^  iu  wltich  chole6t«rio  «ai 
BdiiilQistcrcd  W  thL-  moiitli  or  iujoctrtl  hypodrriiiicnily,  without  eefuiUj 
increaaiiig  the  amount  of  rholeeterm  eix(;ret(>d,  conii«  (as  the  Aatliar 
tbinks)  lo  the  niuot  improbable  coiioUuion  that  the  normal  dioW- 
terio  of  thv  btlt.-  is  not  tlrrivnl  from  t]i«  blood  but  i»  of  looU  origii, 
•.i!.  IB  derived  from  the  mucous  mt>mbrau«  of  the  gall-UIndder.  TV 
cni<i«u«8»,  t)je  obvioua  fulWtea,  attachuig  Ut  the  method  of  expraor»entiii| 
wilcctwl  \ry  Nmiiiyn,  are  ho  wljvidim  an  U>  render  niij  i.'oaoluaioaa  from  bia 
experimontii  much  ]'•*»  triLstwurthy  tliHu  thosu  bHMMl  on  th«  obaerraUwn 
of  Fr«richs,  This  diatingui8h4?fl  physician  cautiously  asaerted  that  wkSit 
It  is  not  vfrtnin,  hut  only  itnibitble,  that  ilii  iiicreaAed  quantity  of  ckolMtenn 
in  tht>  blood  aiigruf^iiU  tti«  anioutit  of  thi8  constituent  in  the  bit«,  llw 
arrest  of  the  excretiou  of  the  bilccoitainly  lojids  toau  increase  of  ebolwieria 
Ln  tbtt  blooil'. 

Tlieru  cnii  be  no  que^tioii  that  cboleHterin,  b«udeH  being  a  cODstitmct 
of  the  imrvotiit  tisHii'ui,  Uio  hUxul  wnd  the  bilo,  cvimW  iu  minuUi  qnanCitill 
in  all  naiiual  and  voKClnLk-  tiuHUM  rich  in  cclU.  U  la  |>r«»ent  in  aaiQ 
quutilitieji  in  milk,  but  pailiculArly  it  in  pn^diioed  in  all  piaUudv 
proc(<iisi>»  ill  whtftlt  a  destruction  or  aedln  occurs.  It  M^mn  to  be 
of  tLe  deg^ncTiition  of  evil  |>rotopta«n),  especially  wboiv  this  in  accompantu 
by  the  appearance  of  fatty  mafctcn;  thus  is  pxpiainc<d  iu  occorretKK  in 
piiM.  If  wf.  except  milk,  which  is  a  Heoretion  which  is  a  prodact'of  tftaSt 
transform  ft  tioiix  which  occur  in  tlie  protoplnam  of  the  ancretory  cells  of  ifcl 
mammary  glands,  and  which  lend  to  the  formiitiou  of  fitt,  no  Donnal  men- 
tiuu  but  bilo  contains  an  appreciable  (juantity  of  cholest«riii,  and  a  prooas 
of  reasoning  by  nnnl^'/y  would  Uutd  iis  to  roquiro  cvidAnee,  HUch  as  his 
certainly  not  hitht^rfco  bL-cn  adduced,  before  we  could  admit  even  the  pom- 
bility  of  the  chiileBterin  of  nonmil  bile  tieing  derired  from  the  nnoooi 
membrane  of  the  gall-bladder. 

larftwa  ''''"^  proportion  of  lecithin,  or  of  the  proHucta  of  ik- 

composIt-ioQ  of  pix>ltLgen  and  lecithin  in  the  bUe,  is  much 
greater  than  in  any  other  secretion  of  the  economy — a  fact  vrhicb, 
taken  in  conncctiou  tvitb  it»  chulustcTiu  excruLiug  luuctioo,  makes  it 
not  improbable  that  thi'  Hver  is  specially  concerued  iQ  excreting 
certain  metabolic  products  of  the  acr^'C  centres. 

DUitauo  In  refereooe  to  the  diastatic  fermeat,  it  is  to:  be  re- 

"""*'"■  marlcpJ  tliat  nearly  all  observations  made  on  the  hnle 

of  man,  obtained  from  fistulse,  have  revealed  that  the  sccrelioo 
possesses  exceedingly  feeble  diastatic  properties.  No  importance 
whatever  can,  however,  be  attached  to  the  presence  of  such  minuu 
traces  of  ferment. 


'  'Ob  die  ZunahiiLc  itt  ClialpticriiimcDiiQ  im  Blnk  wUiread  dm  bSberen 

•inra  eteigendoD  04ha]l  dct  (VnJU  boibeiliihiv  uod  darauf  sum  Theil  die  kt^***>* 
HXaflglMit  da  Btfllno  wahnnd  dimcr  I^Wno^pivth^i  bflrnho.  bUtbt  dahiiigmtclll ;  «•  U 
dl«  mefar  als  wahncbciulbh:  jrdimfnllB  inHairt  <)i«  OaU«n««eretion  «if  dia  ninUt 
(erinmrage  im  llliit :  lii'  nlmnil  xii,  n-o  die  Lpberseorrtlea  venniaderl  wiM.'  Fnriehi, 
KlMk  i.  Leberlrankhciiea,  Bd.  ii.  p.  Wt. 
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Sect.  13.    The  Mincral  CoKSTtTUE.vTs  of  Moumal  Bili^ 

Id  discu^ug,  ill  tbe  first  volume  of  this  work*,  the  mineral 
coDStiltiente  of  the  liqit-or  mnguinis  onA  serum,  we  have  drawn 
attention  to  tho  difficiiltie»<  which  Kurrouml  their  investigation  and 
have  shewn  how,  in  a  measure,  they  have  heen  overcome.  lu  the 
case  of  the  bile,  these  difficulties  are  so  great  (arising  from  the 
sulphur  of  the  taurine  and  the  phoaphorua  of  the  lecithin,  which 
when  ignited  yield  sulphuric  and  phosphoric  acids,  respectively)  that 
tbe  utmost  rCBcrvc  must  be  exercised  in  drawing  ooaclusionB,  from 
tbe  mudyses  of  the  aabeH  of  the  bile,  ag  to  the  aalls  originally  present 
in  tbe  secretion. 

In  addition  to  the  uiganic  sodium  tialttt,  the  bile  contains  lui  its 
chief  inorganic  constituent  sodium  chloride,  beaides  sodium  carbooat* 
and  sixliiim  phosphate.  The  qnantlty  nf  potassium  salts  is,  corupara* 
tively.  very  small.  The  ashes  of  bile  contain,  in  addition,  calcium 
phosphate,  a  trace  of  magnesium  phosphate,  a  small  but  invariable 
quantity  of  iron,  believed  to  exist  as  a  phosphate  (Hoppc-SeyloT),  and 
traces  of  copper;  occasionally  maugauese  has  been  likewise  found. 
Although  the  published  analyses  of  bile  sometimes  contain  dctcnninn- 
cions  of  sulphatcti  prcncut  in  the  ignited  residue,  it  is  probublc  that 
these  salts  are  always  the  result  of  ignition  ;  at  most,  the  quantity  of 
sulphates  in  the  bile  is  exceedingly  small. 

The  normal  mineral  constituents  other  than  iron  are  beat  erhibited 
in  the  following  analysis  of  the  mineral  matters  of  the  bile  of  a 
healthy  man  made  by  Jscobson*. 

Inorganic  salts  in  1000  parta,  8*5 

KCI 0-2S 

NaCl  «■» 

Na^PO,  1-30 

NarfW,  0-05 

CVK),),  0-37 

FerO,  traces. 


Th0  Iron  of  the  BiU. 

When  investigating  for  a  CnmmitU'e  of  the  British  AssocialiMi 
the  action  of  calomel  and  sonic  other  reputed  cholagogues  on  tbd 
liver'.  Professor  Ruthvrford  and  the  Author  were  constantly  struck 
by  tho  reddish  colour  of  the  ashc4  of  dog's  bile,  a  colour  due  to 
the  presencti  of  oxide  of  iron. 


'  Vol.  I.  (Ill  (idiliflji).  p.  6(!— 70. 

•  O.  JuoDMii,  IWr.  d.  lUuUch.  ehrm.  GM/il.  Vo).  *l.  «.  lOM. 

*  '  Baport  on  Lta»  Action  of  Ueicar7  on  cIm  DilUi;  Morotion.' 
ibportf,  1806. 
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o»jBeB«  ukd  At  the  suggestioD  and  uoder  the  pereoual  diwciion 

rottasjtobw-    of  the  Author.  Dr  P.  A.  Young*  aubscc)uoatly  C4nie<l 

out  in  the  laboratory  of  (he  former,  at  Surgixma'  HiD, 

Edinhiirt^h,  the  first  sy8t«naa.tic  in%*c«tigatioD  on  the  amount  of  inn 

in  the  bi^e  of  uiau,  ibe  dog  and  the  ox. 

Bopiw.Mjrunr        SubMeqiiently.  Hoppe-Sejler"  and  afterwards  Ktiakd' 
SL^ttU^l"    '^-i'^'&stigated  tlie  matter  and  amply  confirmed  tbt 
results  obtained  in  the  Author's  laboratory.     Tbelbl' 
lowing  are  the  resulte  obtained. 


Quantity  of  Iron  in  the  Bile. 


I.     BUe  of  Man 

0004  to  00105  ]>.  ceot  of  Fe 
0  0062 

Toung 
Happ(v3evl«r 

II.     Bye  of  Dog 

0-016                   p.  cent,  of  Fe 
0-0063  to  0-0078 
0-0036  to  0-009J        „ 

Young 

Hoi>i«--8ejrl(?r 
KanJcel 

IIL    BUe  of  Ox 

0-003  to  0-006         „        „ 

Youn^ 

The  idea  which  sugfi;estod  to  the  Author  the  research,  which  wu 
carried  out  by  Young,  vas  thnt  from  the  iron  in  the  bile  an  estimsle 
might  bo  probably  formed  of  the  destniction  of  hicmoglobin  occurring 
in  the  livL-r;  there  being  stroog  grouuds  for  assuming  tliat  bilinibin 
is  formed  by  the  decomposition  of  the  hteinatin  residue  of  heinfr> 
globin  (see  p.  'A^^  et  ssif).  Kuukcl  found,  however,  that  the  relation 
of  the  iron  to  the  bilirubui  iu  tbe  bile  was  as  1-4  or  1*5:100, 
whereas  bfemattn  containit  9  per  cent,  of  Fe.  It  would  therefon 
appear  that,  in  the  fomiatiou  of  bilirubin,  there  is  a  rcloDtioD  of 
iron  in  the  liver,  a  fact  which  stands  in  cloae  relation  to  the  orautic 
compounds  of  iron  which  Zaleski*  shewed  to  bo  present  in  the  Over. 
This  subjuct  will  be  further  considered  in  Chapter  V. 

>  P.  A.  Toung.  M.D..  'On  the  lelktion  which  ftxinbi  bctwran  Uw  iton  ooauiiud  in 
Uie  Ule  BDd  tbd  cinlouriUiK  luniter  of  lh<!  bluod. '  Joanuil  of  AiuHomg  ami  Phniotoff, 
Vol.  r.  pp.  ISH—IC-t ;  A..  GtkmKae,  MJ>.,  'XoUi  on  Dr  Touiu'i  pkper.'  IbU.  Vol.  r 
p.lM. 

■  Hopp»-8«^«r,  An»ly«a  fir»t  publuhed  in  hii  PAfntioffMht  Chamit,  8-  TbelL 
Bvlin.  1HT8,  pp.  801  uid  aOG. 

'  Knnkel.  '  Eiam-  und  yubntuffnuitBoheidaiig  in  te  Oalle.'  PflUgor'a  ArtUr 
Vol.  XI*.  (lH77),p.  860. 

*  Zal^tkl. 'StudicD  abcrdbliL-UT.  I.EinagwhalltluLelMr.'  "-—*-'/■/  rliiinT 
Ghmit,  VoL  ».  (1886),  p.  4H-502.  ^  '  r-r^ 
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SacT.  14.    The  Oases  or  the  Bile. 


Tho  gases  of  the  bile  have  beea  investigated  hj  Pfliigor', 
Bojmljubow*,  Noel',  Chailes*  and,  in  »o  far  as  oxygen  is  concerned, 
by  Hoppe.Seyl«r*. 

The  bile  is  a  secretion  which  U  either  entirely  free  from  oxygeu 
or  contains  it  in  very  email  proportions.  As  will  bo  seen  by  referring 
to  the  subjoined  tabular  statement  of  the  results  obtained  by 
PflUger,  he  found  in  one  analysis  that  100  volumes  of  bile  yielded 
0"2  voliimea  of  oxygen  (mcaanmi  at  0°  C.  and  I  M.  pressure),  whilst, 
in  n  second,  oxygen  waa  absent.  Hoppe-Seyler  investigated  in  the 
case  of  the  bile,  as  in  that  of  several  other  Becretions,  whether  the 
liquid  contained  free  oxygen,  by  allowing  it  to  come  in  contact 
(uodAr  cooditionH  which  excluded  the  posaibility  of  access  of  air) 
with  reduced  hajmoglobin.  Ho  found  that,  unlike  tho  saliva,  the 
bile  contained  no  free  oxygen  or,  to  be  more  preciae,  that  100  volumes 
of  bile  must  contain  losa  than  015  volume  of  oxygen". 

Excluding  oxygen,  which  is  either  absent  or  present  in  venr 
tmatl  quantities,  the  bile,  when  boiled  in  the  mercurial  pump,  yicltu 
carbonic  acid  mixed  with  a  small  cjuantity  of  nitrogen.  In  addition 
to  the  carbonic  acid,  which  is  either  free  or  so  loosely  combined  aa 


TOLCME  OF  GASES  (MEASURED  AT  (PC,  AKD  1  M,  PEEBStj*RK)  YIELDED 
BV  100  VOLUUES  OF  DILE  FUOM  THE  OALL-BLAIlDEB  OV  DUOS 
(PFLtJGBB). 


0 

CO,            1          00, 
(obUined  bj  boQ- 1  (do.  do.  -t-aoA) 
(UK  in  Tkcoo) 

» 

L 
IL 

0-2 
0-Q 

14*4 
5-0 

41-7 
OS 

0-4 
0-6 

'  Pfiflgw.  drehirf.  rf.  3f..  PhjuioM'-  Vot.  n.  <18fl9).  p.  IM. 

*  Boopti'abow,  VetitraUiiall /.  d.  toad.  n'UteiiMtha/i,  1A49,  na.  U. 

*  G.  Nod,  'Elvd*  tftainln  vai  1m  wwUmii  pUj-i.  dca  gmtt  ia  wuig.'  ThjM  d* 
Phria,  1ST(.  Qnotol  \j  Bow^8*yU*,  Phyi,  OhemU.  i>  SOA.  Tb6  toMuchM  of  NtMt 
nftj  b*  dimrwd  ftt,  Itma  tiw  uaoant  ofexygm  maa  mpiatUy  of  nitrogen  which  ha 
fonod,  il  ia  ottUin  tlint  the  ga«M  whisb  tu  obUinnl  Trotn  the  bilu  wore  mlied  viUi 
luff  qoKQlitiM  of  air  wliloh  twd  iMlced  into  tiii  &pp&ntua. 

*  J.  3.  ChHlM.  ■  UnbmiuGbuitnra  t1b«r  die  GkM  del  LelxncmUe '  (•.  d.  plgra.  Lab. 
Bonn).    PflUicrr'M  Ankiv,  Vol.  zsn.  (IHSl).  p.  200  tt  uti. 

*  Hoptw-SeyUY,  '  Uebin  d«s  HMbiraiii  tuu  abaurbirUu  SfttiGntol[«  iu  dw  SoeniUn 
mitl«Iit  IlteioitlobiB.'    ZiiUeMftJ.  phf.  Vh^U,  V^t.  i.  (lW77-7«).  p.  1»5. 

*  Uopp«-S^Ur,  PhytialoflMit  CkmU.  p.  W7. 
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to  admit  of  being  boiled  out,  the  bile  contains  cnrbooic  acid  which 
«an  only  be  removed  by  the  pump,  after  the  addition  of  axx  acid. 
The  total  amount  of  carbonic  acid  as  well  &a  the  reJartivo  amounts, 
free  and  combined,  vary  within  surpminpfly  wide  limita 

The  imolj'ses  of  Bocoliiibow  ngreo  with  thofta  of  PflUger  In 
deoioiiHtratiug  the  remarKable  and  as  yet  inexplicable  variations  in 
the  amount  of  CO,  contained  in  bile  aa  well  as  in  the  proportion 
which  the  free  bears  to  the  combined  CO,. 

Charles,  in  the  investigation  which  he  made  in  Pfliiger's  laboratoiy, 
investigated  the  gnsea  of  the  bile  in  rnbbits,  as  wol!  as  in  dogs.  Id 
the  former  aiiimals,  he  found  the  volume  of  CO  .  especially  of  the 
CO  which  could  only  be  separated  after  the  addition  of  phoephorio 
acid,  to  be  wry  much  lurj^er  than  in  dog».  From  100  volumes  of] 
the  bile  of  these  animals,  he  ubtaiueU  from  10237  to  1L4'9  voltimos 
of  COs  mcaatired  at  l>>C.  and  1  metre  pressure.  Id  one  ex- 
periment, the  CO,  obtained  by  merely  boili  ng  i  a  vacuo,  only 
amounted  to  975  volumes,  whilst  the  combined  CO,  amounted  to 
105'1S  volnmes.  In  the  case  of  a  dog  in  a  condition  of  deep  narcosig 
100  voiuuiea  of  bile  yielded  lOO'lo  vela,  of  CO^  (free  and  combined). 


Sect.  IS.    Sdmmaby  of  the  Quantitative  Composition  of  the 
Bile  ut  Ma»  and  ceiitain  of  the  Lowkk  Anihals. 

Ha^'i&g  DOW  examined  individually  the  various  constituents  of 
the  bile,  it  appears  desirable  to  group  together  the  more  iuportaot 
(jiiautiiLative  analyses  which  have  been  made  of  the  bile  of  man  and 
some  of  the  lower  animals. 


Human  BiU. 


Total  loUdB 
In  tlM  bUe  or 
bUlaiy  Bjtnta 
and  or  t>De  col- 
iMled  In  tba 
KaU-bl&daar. 


The  following  table  exhibits  very  clearly  the  diffei^ 
ence  in  the  proportion  of  solid  matters  in  bile  ob- 
tained from  biliary  Getula;  in  the  human  subject 
and  in  bile  obtained  from  the  gall-bladder  after  deatiL 
The  same  difference  is  observable  in  the  caao  of  the 
lower  animals.  The  old  explanation  that  by  remaining 
in  the  gall-bladder  tlie  bile  loses  water  and  becomes  more  concen- 
trated is  untenable  and  (guite  at  variance  with  factft;  the  |)rol>able 
explanation  is  that  when  the  socixjtiou  is  cut  off  from  the  intestine 
and  poured  out  externally,  the  liver  secretes  a  bile  which  is  rela- 
tively poor  in  solid  matters  (see  p.  278  et,  aeq.). 
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MS 


TABLE 


EXHiBrrma  difrbuhce    m   percextage  of  solids 

riSTULA-filLB  AS  OOHPABBD  WITH   BLADDEB-BUE. 


IH 


Obserren 

KeJin  penxDtLge 
□I  tulidn 

Origin  of  bile 

I'. 
Juobaca 

Teo  «nd  nerroiu 
Copenuui  mnd  Wiottoo 

M*70  Robton  and  Pairl«y 

Nofil  Paton  and  J.  M. 
Balfonr 

3-26 
1-36 

1-42 

1-81 
1-36 

Wust.phalen's  cnse  of  thoracia 

biliary  ti*tulii.     Malo 
Biliary  fistula.   ComtDon  bilo 

duct  occluded  t>ycanwroiis 

nodule,     FcinnJfi 
BiUnrr  liBhila.    Comnion  bUo 

duct    nccludnd     by    gall- 

ston«.     F«maln 
Biliary     6stuU.       1  mpactcd 

gallntoneK.     Female 
Biliary  fiiituli.    Common  bile 

duct  occluded  bygall-fftona 
Fuuale 

n'. 

Gorup-Besaoes 

Pr«rich« 

13-96  1 
14-04  f 

Bilo    fi-om     gikl] -blwldcr    uF 
healtby    individuals,   exe- 
cuted, or  dying  by  accident 

tMlywi  of 

•rtolAbtUla 
tba  iiumaii 
nbl*«t. 


Id  the  following  table,  taken  from   the  paper  of 

Noel  PatoD  and  Balfour*,  are  collected  all  the  more 
recent  analyses  of  fistula  bile  in  the  human  subject. 
In  Mr  Mayo  Robson't)  ca»«,  the  an&lyfto<  were  made 
by  Mr  Fairlc}'  of  Leeds. 


>  All  Um  euM  under  1.  are  refnred  to  La  the  Mxt.  wk*M  nitnaoM  to  ttai  originil 
AfeawTatioM  will  be  fonnd. 

■  Tlw  daU  cndor  II.  u-a  Mhm  (rom  0«nip-BMaiiei,  Phyiiotogttlte  CkimU. 
4teAiina«(i.  187N.  p.  SIA. 

*  D.  Vo«\  Patoti.  U.D.,  P.R.C.P.  Ed.,  and  Jubii  U.  Balloar.  M3.,  CJtI.  -On  tU 
CompoaWoD.  How,  and  I*lv«ioloirioal  Action  of  the  Btl«  in  llaa.'  Vol.  ni.  of  (ha 
£«kra(aTV  Hm/rU  iuQWl  bj  tin  Evyl  Coll«««  ot  Pbjnoiana.  Ediolrutgli,  1991.  8m 
p-DOa. 
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1 

Jooobsen 

y«o  and 
UerrooD 

Copeman 

and 
Wmatan 

Mayo 

Bot«on 

Palon  and  BaUoof     | 

Sept.  I 

Sept.  7  ^ 

CholeBterin 

o-oce 

J 

0-045 

0053 

l 

Lccitbin 

0-006 

>  0-038 

0-099 

— 

V  0-O75 

Fate 

o-oi 

f 

0012 

0009 

J 

G-l^oocKolate  of  Soda 

1-01 

0-165 

j-   0*628 

0-"51 

0-356- 

■ 

Taurocbol&t«  of  Soda 



0-055 

0-000 

O-049* 

•  0-349 

Hoap6 

0-14 





0-097 

00 1 5* 

— 

Mucin,  Pigiatmtjt,  Epi- 

thelium, d:«. 

0-33 

O'US 

0-1725 

0-lSO 

0-7096 

0-461 

iDoi'g&nic 

0-85 

0-840 

0-451 

0-768 

0-fi41 

Cltloridee 

0578 

0-716 

^■^ 

0-501 

SoUds 

2-26 

l'S84 

1-423 

1-802 

M919 

1-527 

Water 

97-74 

98-715 

98-577 

98-198 

9880S0 

98-479 

J 

*  The  acida  are  ben  glTen. 

In  tliese  analyses  the  fact  is  brought  out  very  distinctly  tJiat,  in 
the  bile  of  man,  glycocholic  acid  prt-puoderatcR  very  greatly  OTer 
tanrochoHc  acid,  wliich  may  even  bo  altogetbcr  absent  (see  Jacobseu's 
aiialyais).  The  aainc  fact  results  from  the  aualysos  uiadi;,  by  the  mu«l 
competent  observers,  in  the  case  of  bladder  bile. 

aitaiysM  of  The  followinjf  exhibit  the  method  of  analyses 

bUdder-bUs  m    5  saniplifs  of  human  bile  (taken  poitt  morteni  horn  tliaj 

thabuman         ^all-bliwlder)  made  by  Hoppe-Seyler  in  1872'. 
rabjaot. 

Mudn  in  100  parts 1-29 

Other  organic  malteni  insoluble  in  alcohol 0-14 

Sodium  taiirocholate 0'87 

Sodium  glykocholate 3-03 

Soam  1-39 

Cholegterin 035 

Lecithin 0-53 

Fata 0-73 

Phosphate  of  iron  0-0166 

Ratio  of  sodium  glykochol&te  to  sodium  taurecholate  is  as  3'4 : 1. 

BUe  of  the  Dog. 

The   following  analyses   made   by  Hoppe-Seyler*  ittuatrate 
composition  of  the  bile  of  the  dog.    In  this  auual  the  bilo 
contains  gljkochelic  acid, 

<  PDbliihed  for  tbo  fint  timo  in  bb  Phj/riotogUeht  ChemU,  9*  Tli«U,  SMttk  1 
p.  801.  - 

)  FhytiologUeht  Chemie,  p.  903. 
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Const  Jtaonts 

Blwlder-bllc 

Bile  from  fisiala 

r. 

II. 

I. 

II. 

Mucin  in  100  parts 

0-454 

0-245 

0053 

0-170 

AJkuline  taiirocbolate 

11-959 

12-603 

3-460 

3-403 

Cbol««terin 

0-449 

0-133 

0-074 

0-049 

Lecibbiu 

2-692 

0-930 

0118 

0-121 

Fat 

3'e4i 

0-083 

0-33ft 

0-239 

Soaps 

3-105 

0-104 

0127 

0-110 

Oiler  organic  mHttei«  in- 

euEublfl  iu  alcohol 

0-973 

0-274 

0-442 

0-543 

Inorg&tiio  matters  iaeolu  bio 

ill  alcohol 

0-1 9» 

— 

0-408 

— 

k:.so. 

0004 



00-22 

_ 

N.^O. 

o-o&o 

— 

00-46 

— 

NaCl 

0015 

— 

0-l«5 

— 

Na.CO, 

0-OOS 

^_ 

0-0fi6 

__ 

0^(POJ, 

0-080 

— 

0-039 

— 

F«PO. 

001 T 

__ 

0-021 

» 

OaCO, 

0-019 

^_ 

'0-030 

■^_ 

MgO 

0-009 

^^ 

0-009 

^^ 

BUe  of  certain  other  animait. 

The  foUowin?  tabic*  exhibita  the  results  of  olil  analyses  of  the 
bile  of  the  galt-bladdcr  of  various  SQimala. 


CooHtitnenta 

Oi> 

Pig* 

Kanauoo* 

QOOH 

PytboD' 

I' 

n* 

Mucin  sod  pigmeat 

0-30 

0-69 

4-34 

8-66 

31 

0-89 

Bilo-aalU 

% 

8-38 

7-59 

14-96 

16*4 

8-48 

C1)«Iwt«rin,    leotthis, 

■  8-00 

1 

and  (at 

\  2-23 

1-09 

0-36 

0-3 

0-03 

Inoraanic  salts 
TUa  aolida 

l-2fl 

J 

2-10 

2-6 

0-30 

9-66 

11-20 

44  13 

19-98 

22-4 

9-£8 

Water 

90-44 

88-80 

85-87 

80-02 

77-6 

90-43 

■  BalUborton'i  Text-hook  ofChtmieat  Phgtiotoay.  London,  1891,  p.  479. 
>  Bendiiu,  LiMmh,  DnadeD,  18S1. 

•  Guadlacfa  and  Stnofcsr.  Am.  CAm.  Pharm.  lan.  305. 

•  a«lilDMb«t«r,  nU.  «x.  M4. 

■  HanaOB,  Aum.  d.  Pharm.  ltdi.  1S8. 

•  Otto.  Am.  Ohm.  Plutrm.  cui.  189. 

'  VogUubufei  nod  8cLlout>Mi!«f.  Ilrid.  crm.  M. 


CHAPTER    V. 


THE   BILE    {continued). 


Sbct.  1.    Recapitulation  or  the  Facts  relating  to  the 
OflioiK  or  TEE  Specific  Constituents  of  tue  Bilec 

In  the  preceding  chapter,  the  subject  of  this  section  has  been 
more  than  ouce  referred  to.  It  appears  advisable,  however,  io  this 
phwre,  briefly,  but  systematically,  to  refer  to  the  different  facts  which 
ihxoir  light  on  the  probable  antcccdcuts  of  the  specific  constitucute 
of  the  bUe. 


Tbeartttnor 
Um  u1«  aoldi. 


The  glycocine  and  taurine  of  the  conjugated  bile 
acids  are.  without  doubt,  derived  from  the  aTbuminous 
or  alburaiooid  principles  of  the  economy.  Glycociuo  we  have  seen  to 
be  oue  of  the  products  of  the  decomp<j»ition  of  gelatine,  when  this 
body  is  subjected  to  long  boiling  with  acida,  or  to  the  digestive  aetiuu 
of  trypein.  Taurine,  although  it  has  not  been  artiticially  obtained 
by  the  decomposition  of  proteids  is,  hh  its  high  percentage  (14'6  pj|) 
of  aulphur  in(licat.es.  certainly  derived  from  them  io  the  body.  The 
taurine  and  the  glycocine  of  the  bile,  however,  only  contain  a  small 
fraclioQ  of  the  sulphur  and  of  the  nitrogen  correapomling  to  the 
decomposition  of  the  proteids  in  the  economy.  "If  the  bile  were  an 
excretion  Uko  urine,  wc  should  expect  to  find  tlie  quantity  of  uitrogco 
and  i^ulpbur  in  the  bile  varying  proportionally  \^ith  the  amount  of 
proteid  decomposed  in  the  body.  As  a  matter  of  fact,  this  is  not  the 
case.  We  know  from  the  researchesof  Kunkel'  and  Spiro',  conducted 
on  dogs  with  biliary  fistula,  that  only  a  email  part  of  the  sulphur  ^d 
uitntgcn  resulting  from  nroteid  mctabulinm  appears  in  the  bile,  and 
that  it  is  but  very  elightly  iocreased  by  a  larger  supply  of  food. 
When  the  ammint  of  albumin  allowed  the  dog  was  multiplied  eight* 
fold,  the  nitrogen  and  Bulphuf  of  the  bile  were  only  doubled'." 

'  Eunlul,  '  Untnrfliichiingen  iilHr  den  SlaflwMbsel  in  der  Lebor.'  PHUgar's  Artklf, 
Vol.  tiT.  (1876),  p.  944. 

*  Spiro,  *  Vaber  die  0&UelLl^Ui(IaIlg  liclm  Hunde.'  Da  Bals  Beyinond'a  Arehiv,  ISM. 
Sappl.  p.  CO. 

>  hanuQ,  Phuiiologkal  and  Pttthohgieal  ChmUbv,  WoolriJae'BTrui»Iatiou,ToL  t. 
p.  ai4. 
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Tii«  origin  of         Ae  soon  a9  the  remarkable  resemblance,  if  not  the 
le  tue  Doloa 
ing  macurs. 


iteetueooioM-    absnhite  identity,  of  Virchow's  biematoidin  with  bili- 


rubin vras  pointed  out.  the  due  to  the  origin  of  the 
bile  colouring  matters  was  discovered. 

"Ill  L'xtmvaaiitiouit  of  blocxi,  tlie colouring  matlvr  of  tli«  blood  disapjwars 
and  in  place  of  it  wi>  find  n  cryittAllisod  pi^munt,  which  Vircbow'  was  th« 
fintt  to  «XHiiiii)fi  oat-flfuUy  aud  niiuied  Wriiatitidiii.  Tliu  nanie  writ«r 
poiiilfol  out  it*  if»einh!imce  to  IhIk  |iigiijotit'.  Sulwefiuenllj'  Robin',  JafliS* 
and  ^falkowski'  provod  th«  idt^ntity  of  hit'inatoidin  and  bitiverdio. 
L«iighniiii'  took  ttie  blood  from  the  vein  of  a  livioK  pigeon  aud  itiject«(l  it 
uiiJt-r  ili«  »kiii  of  thfi  some  animal :  after  two  or  Uiree  days  the  colouring 
iniitb<r  uf  th(3  blootl  biu)  <liKiip]i>tJi.riMl  fr<>iti  tbo  Kniwtititneoua  olot  and  vros 
replaced  by  bilirubin  and  bilivcnliti.  Quiuckc'  performed  the  same  experi- 
ment nit  dngM.  In  ihis  ca»^  the  conrertioD  ocoopied  more  time:  the 
bilirubiu  diii  nut  apjiOMt-  in  tlin  Rubciitaneoiia  injection  before  the  ninUi 
day.  Cordoa"  injecU.'d  blood  into  the  nbdominftl  cn^'ity  of  dogs  and  found 
bilirubin  after  so  short  a  time  as  tbu'ty-six  hours.  Finally  Recklingbauaen* 
has  Kceii  bile  [ngniitnt  fniined  in  the  blood  of  frogs  outaide  tlii>  bod]*,  after 
from  thre«  to  ton  days'","  The  olxicrvatioiis  h«i'o  recorded  have  beea 
confirmed  and  extended  by  tho  axpcriiuDnts  of  Latschenberger"  who 
injeutiiij^  the  blood  corpuscles  of  the  horne,  or  a  iniigtuu  of  hwinoglobia 
pr«pttrwl  from  horse's  blood  into  the  Bubcutanw>ns  nrcolar  tissue  of  another 
horse  found,  after  somo  days,  reddish  yrllow  pi;;ni€ntfi  iCUoUsiobirte)  at 
the  seat  of  injection,  and  in  addition  dark  pigmentary  matter  oontaluiiig 
iron  (1)  which  he  dengnuttvl ' Mi/aitin' ;  Neumann"  had  pivviously  found  a 
uniibir  pigment  in  blood  extra v-oaations  and  thrniiibi  in  man  and  had 
dexigiintecl  it  fiinruindcrin.  According  to  Kunkel",  the  latter  coosUta  of 
ferric  hydrate. 

A  Btudy  of  the  empirical  formulie  of  hsmatin  and  of  bilirubin 
■hewed"  bow  closely  Dilirubiu  resembled  in  cximpoeiiioii  au  iron 
free  bfflmatin.    According  to  Nencki  oud   Sieber  ,  the  following 

>  Vtrabo«>  Artkiv,  Vol.  i.  (1847),  pp.  »T9.  407. 

*  Virohew,  loe.  tit.  p.  US. 

*  BoMb,  ComptM  Rtndut.  TnL  «.i.  (186£).  p.  606. 

*  Jsflfi,  VlMhow-s  JrtMv.  VoL  xxut.  (lUfi'i).  p.  193. 

*  SalkbwHM.  Uopm-Seylei'*  Ueit.chem.  Vnttrt.     Heft  m.  (1B66).  p.  430. 
'  Laiij^baiH-,  Virvluw's  Archn,  Vol.  «ui.  (ISTOJ.  p.  (Ifi. 

'  H.  t^uincVc.  Tirebon'a  Archiv,  Vol.  icr,  (li^A-l),  p,  laS. 

'  llntn.  Cordus, '  U«bor  den  B«Norpiiaa>aiGcliaiiinBiia  tod  BlatvDEftsssn.'  Bviia, 
Bin^wald,  1877. 

*  BoeklinghsuscD,  HaniUwh  d.  allgem.  J'aiA.  d.  Kreiilauftt  vtU  der  Enihruag, 
p.  4X1.     StultRsrl,  Enka.  1B8S. 

"  fianite.  Up.  cit.,  p.  87(1. 

"  Latsohenbcriisr,  *  Die  BQdaoK  da*  Gallon rarbstofllM  ana  d«B  filaliubMafl.* 
XtnatHrrift  /.  Chimlt.  Vol.  n.  (1688),  )..  &i.  Qnotfd  by  MsoMiattf.  LdMwA  ^ 
fliff*(»lofi*ehfi>  Ch^mit,  ft,  174. 

>*  NMBuuin,  '  Il4iilril>gti  sur  K«nntnii«  ikr  pUlMlo^aehen  PigssMla,'  Vtrdtov's 
ArtMt.  Vol.  en.  |IN88],  p  35. 

**  KdiiImI,  '  Ueber  daa  Vorkommon  von  EiiMi  oaob  Blntextravasaiioa.'  ZeitK>ri/t 
/.  phyw.  CJktxu.  Vol.  T.  (IIMI),  p.  4& 

"  Kfihne,  Uhrbwch,  p.  ilOS. 

•>  Kaaoki  and  Siebtr.  '  Untartacbiiiiiraa  ttbsr  d«a  BtoUsrUtoa.'  B*r.  d.  ttnlKA. 
than.  QwlUchofl,  Vol  xTn.  (1884),  p.  3375. 
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equation  probably  expresses  the  traoafonnatioo  of  hsematiD  into 
biltnibin 

C^H.  AO.Fe  +  2H,0  -  Fe  =  C.fijifi. 

Rjnmattn  Btiirabin 

The  iron  free  hiematcporphyriTi,  which,  according  to  Nencki  and 
Sieber.  haa  the  same  percentage  conipDsition  as  bihruhin,  and  which 
is  represented  by  the  formula  C„H,^  O,,  whpn  reduced  hy  m»ani(  of 
tin  aud  hydrochloric  acid  in  alcbolic  sulution  soou  yields  a  body  which 
confers  a  yellow  colour  to  the  solutjou,  aad  whicli  iu  its  behaviour 
towards  solvents,  aud  iu  its  s[icctrum,  ia  undiatinguiahuhlefromkydro- 
hilinibin,  whieb  we  have  seen  to  be  the  typical  produet  of  the  action 
of  naaceot  hydrogen  on  bilirubin  (Hoppe-Seyler*), 

Tn  addition  to  the  above  facts,  wliicli  aloue  are  perhaps  suflBcient 
to  prove  that  the  bile  colouring  matters  are  dcrirod  &om  the  bromatiD 
of  hiKmoglobin,  there  arc  others  which  tend  in  the  nauie  direction. 
Thus  A7nphia!cu8  which  is  the  only  vertebrate  without  red  blood 
corpuscles  forms  no  bile  colouring  matters  (Uoppe-Seyler*). 

Acaiu,  it  has  been  shewn  that,  coucurrenlly  with  the  excretion  of 
the  bile  colouring  matters,  thv  liver  always  excretes  iron,  though  the 
amount  of  thi!  latter  is  not  in  proportion  to  the  former,  ussuming  the 
decompositiun  to  go  on,  as  expressed  in  tbe  ettuatloQ  of  Nencki  and 
Sieber. 

That  all  the  iron,  resulting  from  the  decomposition  of  htematin 
which  leads  to  the  formation  of  bile  colouring  matters,  should  not  be 
excreted  in  the  bile  is,  however,  in  no  way  aurpriaing.  The  fact,  indeed, 
agrees  with  others  with  which  we  are  acquaiutea.  It  has  already 
been  stat(>d  that  Zaleski  found  various  combinations  of  iron  in  tha 
liver.  In  some  of  theau  the  metal  can  be  detected  by  the  na^enta 
usually  employed  for  the  detection  of  iron  in  it£  salts  {e.ff.  by 
potaa^um  ferrocyanide  and  hydrochloric  acid),  but  in  others  tbe 
metal  is  an  element  of  organic  compounds,  such  as  nucleins,  and  can 
only  be  detected  when  these  are  destroyed.  In  one  form  or  auothtr, 
the  liver  appears  to  hoard  a  certain  proportion  of  iron  which  probably 
tttkoa  part  lu  freah  eyntlieses  of  ha.-uioglobiu.  When,  however,  the 
destruction  of  red  blood  eorpusclca  goes  on  with  abuonual  rapidity, 
as  appears  to  be  tbt;  case  in  pernicious  aneemia  (Hunter*,  Mott*, 
Del^piue*,  and  in  poisouing  by  arseniurctted  hydrogen  (Naunyn 
and  Minkowski*),  the  iron  iu  the  liver  increases  greatly.  In  tba 
first  case,   the    urine   contains   abnorntal   quantities   of  arohiliooid 

'  Hoppe-Bcylw,  FhythhgUthe  ChemU,  p.  8Q9. 

'  Eoppe-H^ler,  Pfliiger'g  drehiv.  VoL  xrt.  (1877),  p.  8W;  Pkfriet»ti»efn  ChewUe, 
p.  27R. 

>  Hunt«r,  Laiuct,  1388,  Vol.  it.  pp.  SSIS.  008,  aS4. 

*  Molt,  J,cnr<T,  I88<(.  Vol.  I.  p.  yXf ;  1690,  T«!,  i.  p.  287  ;  tracHticMr,  An«.  1890. 

•  TcWpinp.  Pr«rt\tii>arr,  Au|j.  IfttW, 

'  Minkowski  anil  Nftoujii,  Anhiv  /.  exp.  Pathoi.  uni  Phannakol  ToL  ixi.  <188&),  i 
p.  1. 
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UAtten,  vhich  are  certainly  close  derivations  of  the  bile  colounng 
matters;  in  the  second  case  much  bilirubin. 

It  has  thun  been  pmved,  by  a  niimber  of  distinct  but  correlated 
areiimentti,  that  the  biiinibiti  of  the  bile  in  a  dorivatire  of  the  blood 
coioiiriag  matter.  When  disctiitsing  the  mode  of  production  of 
jauDilice,  we  fthall  shew  that,  if  we  except  the  local  origin  io  blood 
eztravaBatioDs,  bilirubin  is  only  formed  in  the  liver. 


Sect.  2.  Discussion  of  the  Question  whether  the  Bit-e  is 
to  be  consideaed  a  dloe-stive  &ecretiok.  the  action 
OF  THE  Bile  ox  Carbohyduates,  Proteids  and  Fats. 

Prtlimmary  ObaervtUiotis. 

The  bilo  differs  from  the  saliva,  the  gastric  juico,  and  the  p«b- 
creatic  secretion  in  that,  if  we  except  altogether  uxsignificant  traces 
of  a  diaetatic  enzyme,  it  eoDtains  no  ferment  capable  of  disBolnng,  or 
effectinp  the  hvurolytic  Jwcompoitilion  of,  carbohydrate*,  protcidii,  or 
fats.  Nevertheless,  although  the  bite  unquestionably  subserves 
excretory  functions,  it  alno  plays  an  auxiliury  and  not  unimportant,  part 
in  the  complex  digestive  processes  of  the  small  intestine. 

Two  intorcsting  anatomical  considerations  may  be  adduced,  of 
vhich  the  first  established  the  excretory  fiinction  of  the  bile,  whiht 
the  Becoud  raises  a  strong  presuniptivn  in  favour  of  the  unportouoe 
of  the  bile  in  the  dige-stive  process: — 

Firstly.  During  the  third  month  of  fcetal  life',  long  before  other 
ligeetive  secretions  are  fnund  out  (at  a  time  therefore  when  digestive 
acts  are  yet  entirely  in  abeyance),  the  liver  whose  importance  for  the 
economy  at  this  period  is,  doubtless,  represented  by  its  relatirolj 
enormous  derelopment,  commences  to  secrete  bile  which  accumulates 
in  the  iutcstioe  and  forms  a  large  part  of  the  meconium',  which  is  dis- 
charged at  an  af\er  birth.  This  fact  argues  strongly  io  favour  of  the 
indispeosablc  excretory  functions  of  the  bile. 

Secondly.  The  bile  duct  in  all  animals  opens  into  the  commence- 
ment of  the  intestine,  into  the  duudenum,  either  at  the  same  place 
as,  or  above  the,  principal  pancreatic  duct.  'If,'  argues  Bungc'.  'the 
bile  were  an  excretion  wo  should  expect  the  ductus  choledochus  to 
open  into  the  lower  end  of  the  ructum, Just  as  thu  urvU:r  ojx^iut  into 
tbe  cloaca  in  the  lower  vertebrates.  It  is  impossible  ul>i  tu  believe 
that  bilo.  in  its  long  pustiagti  through  tbo  intestines,  must  liave  sume 
■erioua  duties  to  perform.' 

*  ZvfltU)  '  UDtemuAnncan  Bber  dan  VerdftanogMpparst  doa  Nn^tboniMD,* 
Btdui,  197*,  CrtUnlttaU  /.  4.  vuA,  IViueiueha/l,  1S74.  no.  59;  I'rc7«r.  Sf€tUUt 
i'A.V«i..I.y(V  del  Kmtirya,  IjCipxig,  IS85. 

*  Znutful,  ■  UuUniuolitiDgcn  Ub*r  du  JJeoortiuid. '  Arehiv  /.  Ofwikalogit,  Vol.  m. 
p.  474. 

*  Booaa,  PhfftiotogiaU  and  Pailioliaieal  CfteiKtMiy,  ToL  i.  p,  318. 
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With  Bunge.  we  consider,  as  already  stated,  that  this  anatomical 
fitct  establishes  a  strong  presumption  ia  favour  of  the  view  that,  in  its 
long  passag**  tlirongh  tSeiiiteatine,  the  bUe  must  have  serious  dutiee 
to  porforra,  though  we  cannot  admit  that  it  negatives  the  view  that 
the  bilo  is  In  respect  of  certain  constituents  (cholesterin  and  bile 
colouring  matters]  an  atcretitm.  Altogether  indcpi>udeiit  nf  such 
argument,  however,  we  are  iu  possession  of  faets  which  establish  in 
the  clearest  manner  that  the  bile,  besides  being  au  agent  iu  the 
removal  of  waste  products  &oai  the  economy,  is  essential  to  the 
normal  courge  of  the  digestive  processes  of  the  .imall  intesline:  thai 
without  its  aid  a  moat  important  gruup  of  alimeutary  principles — the 
fats— in  fip-eat  part  iuvannbly  escape  absorption,  though,  it  is  true, 
thui  departure  from  the  normal  state  may,  in  sumo  cases,  be  uutiucon- 
aisteut  with  the  persistence  of  an  apparenily  satisfactory  state  of 
the  general  health. 

Many  observers  have  shewn  that  the  bile  obtaLiied 
from  humau  biliaiy  iistnls,  if  digested  with  st&rch 
solutions,  for  a  great  many  hours,  is  able  to  convert  tracea  of  starch 
into  Bugar.  It  la  obvious,  however,  that  in  virtue  of  these  traces  the 
bile  can  play  no  part  in  the  digestion  of  starches,  and  accordingly  it 
has  been  fouud'  that  the  fkcen  of  dogs  with  biliary  tiRtulie  and  fed 
upon  bread  either  contain  do  starc-h  or  only  such  small  quantities  as 
occur  in  the  case  of  normal  dogs  fed  in  the  same  manner.  These 
experiments  arc  borne  out  by  observations  made  on  humaa  subjects 
with  biliary  fiatulo:. 

The    bile  of  the  pig  appears,  according  to  the  observations  of] 
No£se',  to  pos«e&8  the  power  of  dissolving  raw  starch, 


Actional  bUa 
oa  ttaicli. 


Action  cffeUe 
oa  prot«ld«. 


The  bile,  containing  no  proteolytic  enzyme,  exerts 
no  direct  aciiim  in  digesting  the  aJbuminoux  and  albu- 
iniuoid  matters.  Nevertheless,  the  Hie  must  indirectlt^  co-operate  ia 
the  digestion  of  protei<t.<t.  When  bile  is  added  to  the  acid  productfl 
of  gastric  digestion  (clijnne),  a  precipitate  is  produced*,  composed 
essentially  of  a  mixture  of  unehaugeJ  native  uJbumius,  and  of  bile 
acidii  (especially  tourochulic  acid),  which  carrira  down  with  jt  pepsin 
(BrUcke).  The  important  result  of  the  admixture  is,  however,  the  I 
feet  that,  though  the  quantity  of  bile  may  be  quite  insufficieot  to  ' 
neutralise  the  acidity  «f  the  chyme,  the  proteolytic  activity  of  the 
pepsin  is  at  once  arrested  (Brilcke),  The  bile  seems  to  have,  there* 
fore,  the  imiHirtant  function  of  arresting  peptic  digestiou,  aud  in  this 
way,  aa  welt  as  in  others,  of  establishing  the  conditions  which  are 


'  BuldcT  and  Sthmtdt.  VerdauuHgt»iifU,  p,  333. 

*  n.  NftMO,  CaoMklt'a  Joh^tttHehi  d.  Pharm.  IBCQ,  n.  B.  83  (qnolcd  b;  kfalj, 
H«>niiknn'i  HaiullHuh,  Vol.  tii.  p.  177. 

*  Bontaid,  Lt^otu  dt  I'lmtiotajie  KxpfrimentaU,  Pvi*,  18S6,  p.  483 ;  CiibiM, 
Lthttmrh  it.  phijt.  Chrmii.  p.  99  ;  J.  MoloMtaott,  ■  U«b(rr  die  EinwukaD^  dir  GaEb  vaA 
ilim  wicUtiti>t«u  b«Bbuidlb«ile  sat  PvptODO.'  VnUnuchVM  tar  NatmrUtrt  dir 
Men»elita.  Bd,  xi.  HcTl  5,  s,  S. 
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requisite  For  the  proper  exercise  of  the  digestive  activity  of  tbe 

pftncneatic  juice. 

Our  knowledge  of  the  reactions  which  occur  when  the  bile  comes 
in  contact  with  an  acid  chyme  Is  deKved  mainly  from  the  writings 
of  Ktihne'  and  of  Hamrasraten'  and  from  the  more  recent  researches 
of   Miily    and    Emich'.     Tlie  principal   n>Bult«    will   here  be  sum- 
marised.    If  bite,  which  h»s   been  freed  from   its  mucoid  uucleo- 
a.lbiimia  by  treatment  with  alcohnt,  be  added  to  n  mixture  made  by 
digcatiog  egg  albumin  in  artiBcial  gastric  juice,  &  precipitate  oocurs, 
which  is  composed  partly  of  a  heavy  docculent  body  aud  partlv  of 
a  finely  granular  bocfy  which  it  is  bard  to  separate  by  hltratiou.     The 
former  is  a  compound  of  a  pntteid  with  btlv  acidn :  thc^  latter  is  com- 
posed essentially  of  bile  aciti»  mixed,  perhaps,  with  a  small  quautitv 
of  albumone^     The  flocculent  precipitate  tn  which  we  have  referred, 
and  which  was  formerly  spokeu  of  as  containing  syntonia,  doubtless 
does  not  usually  contain  acid  albumin,  but  the  body  which  Meissner 
tenncd  Pamptptone,  aud  K'tihuc  Antialbwmat  (mc  pp.  115  and  120). 
The  aimmut  of  the  two  precipitates  produced  depends  greatly  upon 
tbe  acidity  of  the  digestive  mixture,  upon  tbc  composition  of  the  bile 
which  id  addeil  and  upon  the  <)uantity  of  salts  which  may  be  present. 
There  are,  for  instance,  specimens  of  ax  bile  which  are  precipitable 
when  treated  with  dilute  acids,  and  others  which  are  not;  the  former 
coniniD  relatively  very  Uttle  taurochohc  acid,  tbe  latter  much  more. 
When  the  former  are  mised  with   bile  at  the  temperature  of  the 
body,  a   precipitate  is  thrown  down  ;  if  the  liquid  bo  filtered  and 
cooled,  a  fresh  prt:dpitate  forms  which  u  sumetimen  so  abundant  as 
to  give  to  the  liould  the  consistence  uf  a  m^ma.     When  the  bile  is 
rich  in  taurochohc  acid  this  precipitalioa  doe»  not  occur,  or  the  pre- 
cipitate  at  first  produced  is  readily  dissolveil  on  adding  more  oile 
<see  p.  29ti). 

AllliiMigh,  as  a  result  of  Hamniimiteirs  riBtearchea,  it  was  shewn 
that  the  precipitate  produced  by  adding  biie  to  acid  chyme  was 
partly  protoia  in  nature  and  partly  composed  of  bilo  aoids, 
accurate  informiUiou  was  wanting  as  to  tbe  vxsot  power  wluch  the 
two  principal  bile  adds  possess  of  precipitating : — firstly,  native 
albamine:  secondly,  ^bumoecs  :  thirdly,  pfptonc&  Experimenting 
with  solutions  uf  the  pure  bile  acids  or  their  salts,  and  mixing  with 
them  solutions  of  native  albumins,  and  of  allxinioM-fi  and  of  peptones 
as  pure  as  it  was  at  that  time  po«siblu  to  obtain  them,  Mnly  and 
Emich  obtained  the  following  intereating  resulte: — 

Fintt.  Taurochohc  acid  (or  a  mixture  of  au  alkaliue  tAurocholate 
and  au  uctd)  precipitates  native  albumin  or  acid  albumiu  at  least  aa 

>  KUhne.  UMituk,  vp.  9a— lOO. 

■  HuaniantaD,  A.lniira«l  in  Jnkrtibtr  tt.  frt.  Jttd.  InO.  Vol.  r.  p.  106.     Bm  tlso 
Unly  in  BerniAna'H  Humdbwh,  Yul.  v.  II.  IfU. 

'  BUyaiidBnkh.  ■Urii<r<tw  VgduJWn  <lar<i»Uia«£uivlttuEh>«i««A4pM4(Nir-> 
and  ttW  dena  uUmbUmIm  WiikuoKvo.'      il«aMl*cUn/i   f.  Ch*m.  Vnl.  n.  ilS8t 
pp.  HO— ISO. 
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completely  as  do  tannic  or  phospho-tungstic  acids.     On  the  other 
hand,  taiirocholic  acid  preciptAten  neither  albumoses  nor  peptOQes. 

SecoHd.  Tlie  precipitate  which  occuni  vflien  taurocholic  acid  is 
mixed  lA-ith  a  eolution  of  albumoses  or  peptones  is  composed  of 
taurochoUc  acid. 

Third.  Olykocholic  acid  ueither  precipitates  native  albumins 
not  oJbumoscs  and  poptoacs.  Whoa  crvstaJliaing  irom  a  solation, 
glykocholie  acid  may,  however,  carry  Oown  wiiU  it  mechanically 
traces  of  albumoses.  Further,  glykocholic  acid,  unlike  taurooholic 
acid,  is  nut  precipitated  by  albumoses  or  peptones. 

The  whole  of  the  fact«  which  we  have  endeavoured  to  bring  to- 
gether establish  that  when  the  addition  of  bile,  which  cootaiiu  bolb 
glykuchulic  atid  taurochulic  acid,  to  chyme,  leads  to  a  precipitate,  this 
may  contain,  linitly  a  precipitate  of  parapeptone  or  anttaibumat, 
thrown  down  by  taurochoHc  acid:  secondly,  a  precipitate  of  glyko- 
cholic  acid,  due  to  the  mere  acidity  of  the  mixture,  if  the  quantity  of 
taufocholic  add  in  the  bile  was  very  small :  thirdly,  a  precipitat« 
of  taurocholic  acid.  Both  the  second  and  third  of  these  are  very 
readily  soluble  in  faintly  alkaliue  solutions,  and  excess  of  bile,  there- 
fore, readily  dissolves  the  precipitate  which  at  first  occurred. 

It  follows  from  the  researches  of  which  an  account  has  been 
gireo  that  lule  which  contains  taurocholic  acid,  typically  that  of  tfae 
camivora,  can  effect  a  very  perfect  precipitation  of  native  albumin 
or  of  syntonin,  if  any  should  exist  in  solution  and  what  is  much 
more  important  uf  the  para|>eptone,  which  in  incapable  of  further 
action  by  pepsin,  stid  which  always  is  present  in  greater  or  teas 
quantity,  however  long  the  prooess  of  gastric  digestion  hoA  gone 
on.  That  such  a  precipiution  is  actuatlv  to  be  observed  in  the  duo- 
denuDi,  Bmily  adhering  between  the  viUt,  is  asserted  by  so  infallible 
an  observer  us  Kithne',  who,  however,  states  that  a  little  fiurttmr 
down  the  precipitate  is  no  lunger  observed.  This  precipitatiea  bas 
b«eQ  uipposed  to  favour  the  action  of  the  pancreatic  juice  upon  the 
•Rmmiiious  bodies  which  have  escaped  oonrersion  into  albumoeaa. 
for  it  is  only  the  former,  as  we  have  shewn,  which  are  precipitated. 

It  appears  to  the  Author  that  the  precipiiation  of  tbe  chynte  by 
the  bile,  mhich  chiefly  leads  to  the  tcmpumry  tst<paration  of  the  bile 
acids,  may  be  of  special  importAnco  in  placing  the  latter  under  con- 
ditioos  which  will  fi^vour  their  decomposition  and  rapid  reabeorpti«L 
All  fkCts  seem  to  give  support  to  the  view  first  advocated  by  Sehiff 
(OM  pu  S7S  et  «y.)  and  to  shew  that  voir  aoon  oAer  the  bile  h»s  been 
oeAeetcd  frum  its  normal  oourae  into  tbe  alimentary  i.'^anal.  ibe  snlid 
matters  which  it  contains  and  which  consist  principally  of  tbe  salts 
of  die  bile  acids,  undergo  a  great  diminutioo  :  whilst  very  sooo  after 
tbe  bile  has  been  allowed  lo  resume  its  normal  course  the  Ue  mad» 
io  tbe  bile  increase-.     Hay  not  then  the  absoqtUon  of  the  bile  and. 
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perbam,  the  decompnsiUon  into  cholalic  acid  aod  amido-ocids  which 
probaoly  precedes  aW>iption,  be  a  function  which  is  assiated  by  the 
precipitation  which  we  nave  been  consideriog  ? 


The  Action  of  the  SiU  an  Fats. 

Tt  has  already  been  stated  that  the  digestion  of  starchy  and  pro- 
teid  coDAtitueiits  of  food  proceeds  normally  in  aoimals  or  human 
beings  with  biliaij  fistiilse,  the  fsecea  containing  no  larger  ijnantity  of 
uudigest«d  atarcbes  or  protcids  than  id  the  normal  condition  of  the 
body,  The  case  is,  however,  very  diflFerent  with  the  fate.  As  Bidder 
and  Schmidt  tiri^t  ascertained  with  precision,  and  as  has  been  abund- 
antly and  invariably  coufiriiKti.  whenever  the  bile  ia  cut  off  from  the 
alimentary  canal,  the  fteces  coatain  a  largo  (juantity  of  fat,  shewing 
that  the  proccKSOt  which  arc  nuceHsary  precurson  n(  ita  aboorption 
have  been  materially  iuterfered  with. 

Biilder  and  Schmiiit  fniiiid  thul  dogs  with  Uiliary  flntulae  Hbaorbed 
fnuii  3J  to  7  tiin«M  I«iim  fal  than  iiomiul  dogs.  They  also  found  Uint  whilst 
dogs  OD  a  meat  diet  yir^ldi-d  «  mitk-white  chyle  which  contained  3*3  per 
cent,  of  fat,  in  do^  in  whicli  biliary  fintube  had  been  long  edtablitilied  the 
chyle,  instead  of  Iwiiig  milk-white,  nierdy  presented  iin  ojuilcnM^iit  a[ipejLr- 
aace  and,  in  one  easo,  oontAir^od  only  0'1&  per  cent,  of  fnt.  Voit'  shewod 
that  wh«D  dogs  are  fed  on  quanticiea  of  fat  amounting  to  from  150  bo  200 
gnua,  99  por  eont.  of  the  total  aaiouiit  u  ahsorbed,  ouly  aWut  I  per  oant. 
(WBsing  into  the  fsecea,  whilst  if  the  wtno  amount  of  fat  be  givoa  to  dogi 
with  hiliary  llatiile,  as  much  as  86  per  onnt  cf  the  whole  uiiount  ingested 
is  excrettMl  per  anum.  It  is  to  this  incapacity  of  uLihzing  tbo  futs  t)i»t 
Vott  ascribes  th«  cmnciiviion,  as  well  as  tho  ravenous  hunger,  of  many  dogs 
with  biliary  fistula. 

The  analyses  of  the  fieces  of  human  tieings  with  biliary  ShItiIb  have 
shewn  that  thwe  invariably  contain  much  fat;  usually  from  II  to  13  per 
cent,  of  their  wpighi     This  fact  will  bo  n-fcrrcd  to  Bgaia. 

In  describing  the  properties  of  the  bile,  vie  have  roferred  to  the 
fart  that  it  is  able  to  diattolvu  small  quantitiea  of  neutral  lats.  so  that 
it  ha£,  from  time  immemorial,  been  employed  to  remove  grease  staiua 
frnm  coloured  tabrica.  That  this  slight  solvent  action  of  the  bile 
ou  the  neutral  fate  plays  a  material  part  in  the  proceasos  of  th« 
intestine  is.  however,  most  unlikely.  We  have  also  referred  to  the 
fact  that  the  bile,  when  rthaken  with  liquid  tats,  forms  imperfect 
emoliioQB,  from  which  the  oil  soon  separates. 

Although  bile,  pure  and  unmixed,  possesses  Ibis  impei-fect  emul* 
siooising  power,  the  case  is  very  different  if  it  bo  mixed  at  tb4 
temperature  of  the  body  with   free  fatty  acids.     Under  these  cir-^ 
cumstanccB,  an   acid   emulsion   is  obtained,  holding  an    oxcoh   of 

'  Carl  Voit. '  Ccber  die  Bcdeutong  der  Oslk  Mr  di«  Aofnahma  dar  KahnrngMloOa 
la  DsnakanaL'     Stuttgart.     VerUg  do-  J.  G.  OotU'soban  Bnohhsodliiiic,  ltt~ 
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fklty  MfiUh  ill  MlutioH  and  capable  of  forming  a  perfect  emuUton 
with  lliti  ntiulral  fnU.  The  proreite  in  one  io  which  soaps  are  pro- 
<liit'(>*l  itiniiiffli  lliK  ilno'irnpoMtion  of  the  alkaline  salu  of  the  bile 
aoi»l»  Uy  ill"  fn'K  fatly  nciJa,  An  n  matter  of  fact,  the  bile  ia  the 
Irituatitto  I\iii1m  itM'lf  iti  coitliUTt  with  fnttv  arids  r^hich  have  been 
llltHial.i»l  fhnii  Ihv  iiotitral  lihls  by  the  fAt-iJccouipvaiog  eusynie  of 
Uh>  imiicrMntie  juioo.  nriil  fill  the  conditions  arc  present  which  are 
nupiULtn  It)  confer  im  Iho  bilu  un  omulaiooising  action.  How  far 
tliU  lU'Uiin  in  iniporljitit  in  tho  mocbauism  of  the  absorption  of  fata 
will  hv  (iirtlii<r  nniitUlvrcil  when  that  subject  ia  being  treated  of  ia 
«lt>tnil. 

Iliit  till'  Action  of  tho  bil)^  on  the  &t9  is  not  limited  to  the 
fciniiiitltui  of  mtitpM  with  the  free  fatty  acids  Neumeister'  points 
tmi  thai  ii^liitioiw  of  tho  cholal^s  [wssess  the  power,  when  gently 
hrAttnl,  (if  ttiiMiIviiiff  iht'  iii«<Miible  maps  of  calcium  and  magnesttnii. 
(Mm(>(>iiiulii  which  duiibtkvm  occur  in  the  intestiue.  In  coosaderiBf 
the  i(W>r^ttit)ii  •>■'  tat*,  we  thaM  also  diseuse  tfa«  su[wo«ed  ioftoeaee 
wf  tilt)  Ulc  m  (udtug  tko  pMsage  of  Imta  Utrougb  meni«aoe& 

Tlhf  ^im'nim  md  ImtnUif*  J<4mmu  </  At  Bit*. 

II  ii  twiKMibW  to  Mk*  obMnrntiooa  «  doga  wish  UiH7 
villMttl  Uh^  ulnKlt  Igr  Om  pwaSu  ftMor  of  the  fan^ 
wwiaik  i««   vt  itw   Ibrtkl    mb^I   emanatti^   fion   rate  i* 
•kfltkUM  are  iMioMmtit^^    Th*  ^«j-ooloui«d  fitctt  «f 
«ith  btlMMt  &»tul«\  or  md^ranc;  fron  jayadiw   *" 
««w|pM«'  oWriK<>wi  to  t^  AtHi  «f  &Ae  to  th« 
iiiwtoMjr  ptMWrt  iiaaiwfciit  of  Ae 
Urtto  WMwItj^M  plgMatngMto  (1 
to  wmW  to  HW 
iirtMaiM    tW  IW  W>>  tt  to  a^ 

W<*   4Mb)«l  ^  BWati.  WMBndb  aa  it  s  a  Bftori  «te 
|N«fU  It*  air  nyial^  (ftM«apww«.  tW  uaaiMMMK  if 
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(tecoiDporition  which  causes  the  peculiar  ftHtor  uo  lonjrec  occurs'*  *. 
It  has,  of  lute,  been  maintainoJ  tbat  it  is  not  the  witliar&wal  of  the 
aottKOptic  actirtu  of  the  bile  which  is  the  cauBe  of  this  putrid  de- 
compositiou  but  tJic  prcaenco  of  unabaorbed  fat  in  the  coutents  of 
tbe  large  iutustiiie.  The  fat  is  supposed  to  act  by  prcTentinR  the 
proper  digestion  of  tho  albunainous  food  aabstauccs,  which,  Wlog 
euveloped  in  fat,  undergo  putrefactdon.  It  ma^  be  true  that 
the  presence  of  fats  favours  flomcwhat  the  putrefactive  decom- 
position of  the  proteids,  though  it  appears  to  tW  Author  that  it  is 
quite*  inadc*(|uate  to  explaiu  it.  The  fa-ci-a  uf  childreu  as  w«ll  as  of 
adults  when  living  upou  a  diet,  of  milk  alone  contain  far  larger  uuau- 
titics  of  undigested  protcida  than  the  fxces  of  auimaU  with  biUarj 
fiecula*.  and  Uwy  coutain  likewise  much  undigested  fat,  and  yet 
there  is  usually  a  remarkable  absence  of  fcetor  and  particularly  of 
that  which  charactensen  the  fa^'Ces  in  which  no  bile  is  prenent  The 
same  remark  applies  to  cases  In  which  hxtge  quantities  of  vegetable 
or  animal  oils  are  administered  and  in  which  the  f^ce*  always  con- 
tain much  falty  matter  which  has  escnpcd  decomposition.  In  two 
cases  of  fatty  stools  a^ociated  with  diseaac  of  the  pancreas,  without 
pressure  on  the  common  bile-duct,  which  the  Author  has  had  occasion 
to  observe,  there  was,  in  spite  of  hirgu  quantities  of  unabeorbcd  fat» 
a  complete  absence  of  the  fo9tor  under  discussion.  How  then  can 
we  explain  the  disappearance  of  the  fcctid  decomposition  wh^n  doga 
with  biliary  fistulje  are  fed  on  a  diet  "in  which  fiita  have  been  re- 
placed by  carbohydmtes  /  Doubtless,  the  adds  resulting  from  the 
fermentation  of  carbohydrates  in  the  intc^ines  exert  an  inflnenco 
on  the  aliniuutary  contents  which  adctjualoly  compensates  for  that 
normally  exerted  by  the  bile  acids. 

Maly  and  Hmich*  have  shewn  that  the  free  bile  acids,  and 
especially  tanrochoiic  acid,  exert  a  powerful  antiseptic  action,  and 
their  statcmente  have  been  conlinned  by  the  observations  of  Lindei^ 
berger*.  Admitting  that  free  taurochoiic  acid  is  nearly  as  powerful 
an  antiseptic  as  salicylic  acid,  as  Maly  and  Emich  assert,  it  may  be 
urged  that,  as  the  bile  does  not  contain  free  bile  ocid.s.  any  argument 
baaed  un  tbo  properties  of  thette  is  faulty.  The  reader  is  reminded, 
however,  that  the  matter  is  not  as  simple  as  it  appears  at  fini  sight 
to  be.  In  the  first  place,  we  have  »een  that  in  three  various  ways  wo 
may  have  the  bile  acids  precipitated  when  the  bile  comea  in  contact 
with  the  acid  chyme  :  viz.  in  combination  with  syntoniu  or  with 
anttalbumat  if  these  substances  are  piesent  and  the  bile  contains 

>  Talt,  op.  dt. 

*  P.  BohmMin,  '  BcobMhloii^cD  ux  Huaiea  mil  0«UenB*l«ln,'  PflUswr's  Arehiv, 
Vol.  Hti.  (te»9).  p.  SW. 

'  Muly  and  Eroich.  ■  Vfh*t  daa  VertudUo  dar  OiJIeiuiaMn  m  Eiwabt  and 
Pwnonoii  and  Ub«r  dcnn  uitUqilMeho  Wtrkung«ii,'  Stmiaitebii/t  /.  Chemit.  VoL  it. 
(1HV3).  |ip.  »9— laa 

•  V.  LlndutasaT,  'Voha  dia  Badtotans  dw  OalU  flu  Aie  Flnlalitprooeaa  bn 
Diinadarst.*  Abatncted  hum  tbs  orwaal  B««ditb  papn.  b;  Haaittaniab  Ustr't 
Jakr-i.  ToL  xiT.  (188S),  p.  SU. 
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Uurocholic  scid  in  a  free  condition ;  &s  a  result  of  the  aciditj  of  the 
chyme,  if  glykocholic  acid  prcpoadcratos  gn>atly,  in  a  free  condition 
by  tho  action  of  the  albumuscs  and  pcptont-'«  cxiHting  in  solution, 
if  taurochohc  acid  be  prcsenL  But  leaving  tho  chyme  altoguther 
out  at  consideration,  it  is  perfectly  certain  tliat  the  salts  of  the  bile 
acids  muKt  be  (l>ecoiupused  by  the  intestinal  contents  in  virtue  of 
the  free  iicids  which  they  invariably  contain.  As  Nencki  has  pointed 
out,  the  contents  of  the  small  intestine  are  invariably  acid,  in  conse< 
quenoe  of  the  development  of  organic  acids,  and  especially  of  lactic 
acid,  through  the  agency  of  micro-organisms  on  the  sugnrfi.  It  dooa 
not  appear  to  be  a  very  bold  assumption  to  suppose  that  this  pre- 
cipitation of  the  bile  acids  modijies.  in  an  important  manner,  the 
subtfeqiieut  chunks  which  the  albuminous  bodice  undergo  in  the 
inteatine,  under  uie  influence  of  putrefactive  organisms ;  it  is,  never- 
theless, obvious  that  tbie  rvstraining  action  cooporatcs  with  and  may 
be  replaced  by  other  agents. 

In  addition  to  its  other  functions,  the  bile  is  supposed  to  exert  a 
naturally  laxative  action,  inasmuch  as,  when  it  is  cut  off  from  the 
intestine,  constlpatiuu  is  a  frei^uent  result,  whilst  when  it  is  adminis*; 
tercd  medicinally,  in  tbc  form  of  yW  bovinum  inspissatum.  it  exerte  a 
laxative  action,  or  reinforces  the  action  of  drugs  possessing  h  laxative 
action '. 


'  Brfer  to  faota  rekcrinK  te  ^>*  nuttu  in  BroDton't  Pharmaeoloff/t  ThtrapaiUet 
and  UaUria  Utdha.     London.  1987,  wc  p.  1099. 
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THE  MODE  OF  PRODUCTION  AND  THE  PHENOMENA  OF 
ICTERUS,  OR  JAUNDICE.  lOTEROOENIC  POISONOUS 
AGENTS.  THE  MODIFICATIONS  IN  CHEMICAL  COM- 
POSITION WHICH  THE  BILE  EXHIHIT-S  IN  DISEASa 
THE  INFLUENCE  OP  DRUOa  ON  THE  SECRETION  OF 
BILE— OHOLAGOf4UE8.  THE  ELIMINATION  OF  MEDICI- 
NAL  AND   POISONOUS    AGENTS  BY  THE   BILE. 


Sect.  1.    Thb  Mode  of  PRODCcnoti  akd  the  Phenomen-a  or 
Icterus  or  Jaundice    Icteuooekic  Poisonous  Aqents. 

Jaundice  is  a  ooitdilioii  cliaractorised  by  a  more  or  less  deep 
jellow,  or  greeniaH-jellow,  colour  of  the  skin  and  conjuDCtirae  and  by 
the  presence  of  bile  colouring  matters  in  the  urine.  It  invanably 
depends  upon  causes  which  either  completely  obstruct  tliu  Bow  of 
bile,  or  which  modify  the  pressure  uader  which  the  bile  noroially 
flows  aloujg:  the  biliary  ducts. 

Whea,  hroro  any  cause,  the  proseure  increa^s  ia  the  bile  ducts, 
the  bile  colouring  matter  and  the  bite  acidic  enter  the  lymphatics  of 
the  liver  and  are  convoyed  in  the  lymph  through  the  thoracic  duct 
into  the  blood  {v.  FleischI',  Kunkel').  If  the  thoracic  duct,  as  well 
AS  the  coiiimi>a  bile  duct,  be  ligatured,  no  jaundicfl  rp.iiiit^  and  biliary 
cunftlituents  cannot  be  detected  in  ihe  urine  (Kiifferaili').  V'aughan 
Harley*  in  a  rcoont  research,  conducted  under  Ludwig '9 direction,  haa 
confirtaed  in  a  remarkable  uiaaner  the  result*  of  v.  Flciuchl.  Kunkel 
and  Kufierath.  Having  ligatured  the  common  bile  duct  and  the 
thoracic  duct,  he  found  that  doga  often  survive  the  operation,  with- 
out any  appreciable  incoDvenience  and  without  jaundice  Kupervenintf ; 
neither  bilirubin  nor  bile  acidn  passed  into  the  urine,  though  in 

'  V.  Plowoht,  'Ton  Act  L^nopb  and  don  hjmphgttHaaaa  dor  Leber.'  Ladwig'a 
Jrbtifm.  1874.  p.  M. 

*  Kunlua,  Lndwig'*  Jrhritnt,  187J1- 

*  KaflortUi,  *D«ti«f  duAbwaMnhMtdarOAlbatioMn  imfilaUiuuifadtm  VtTtuUaM 
Am  Osllm-  und  Am  UilobbraitsKngH'  (Aoi  d.  jtijt.  tiut.  sn  LiApilg).  Du  Beis 
BcjrmaDd'a  Arthit.  IH80.  pp.  «3-UI. 

*  I>r  VmugtwD  HArlej.  'lieber  uod  Oalla  wkhrand  dui«Tnd«D  VoracbluMM  ran 
GsQ«nDiLd  Bni«l|j&nR'  (Am  d.  pbfi.  InM.  su  Lalpalg).    Du  BoU  RcTinoad'a  Arehtt'. 

anb  it»y.  I6;f3,  p.  'joi  u  <««. 
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oue  case  seventeen  dars  elapsed  betweeo  tbe  date  of  the  application 
of  tbe  ligatures  and  that  on  wbicb  the  animal  vfls  killed.  It,  there- 
fore, appears  to  be  proved,  beyond  the  posaibilitr  of  doubl,  that  it  is 
only  tbroitgb  K-tnptiatic  paths  that  the  bilian,-  coiutituents  can  leave 
the  liver  and  enter  thu  blood.  The  bile  cutituriu^  matter  first  makes 
iuappeanmce  io  the  urine,  and  if  the  quantily  eDtering  the  bltMxl 
caonot  pari  passu  be  excreted  bjr  tbu  kidneys,  it  is  deposited  in.  and 
staitu,  in  tbe  tirst  instance,  the  c<mjuuctivs»,  aft^vards  the  skin  and 
otber  tissuea 

AHkongfa  tlie  tpecifii-  coiuititti«ats  of  t)i*  biU  ouinot,  in  the  oormal 
eoiulicioa,  be  dH*ct«l  b  the  blood,  liiere  can  be  liUle  <loubc  that  lb*  fiact  ia 
dot  Dot  to  their  oomplcle  abaenoe  (neing  that  one  and  ]Kt>hafa)tr  both  6ai 
their  way  nomully,  in  mintite  qoaotititt,  into  the  ^mph  at  the  thocaac 
duel)  Wt  to  their  aiuouat  htmg  too  small  to  admit  of  dctactioo. 

l^pfieiurr*.  thoD°b  unable  lo  detect  bile  acadi  in  the  blood  of  dogB, 
««x  able  to  separate  theu  from  tbe  tvmph  of  the  thocaeic  doct  and  to 
iilanti^  theoL  Hammatvtm  (k«  p.  3I»>  has  •beva  that  bUnbta  u  a 
notnal  flOnBtitueiit  of  bone'a  blood.  t'Dlae  tbe  ipantitj  either  of  bile 
acids  or  bile  ooloozng  waaUtn  bcoomea  too  lai|giv  they  an^  hovever, 
excreted  by  the  Uvar  and  do  not  oecw,  eren  ia  tneot  in  the  ariaa. 

HaTii^  in  the  abore  sentetKes,  brieflr  sommazixed  the  results 
of  modern  inqaiiy.  as  to  the  mode  of  prodvctian  of  janodioe;  it  is 


to  refer  to.  and  to 


in  tome  detail,  tbe  grottads  upon 


which  cxTtaia  views,  nbich  tintil  lately  otwained  Terr  geoenl  ssppot^ 
hare  6dleD  into  discredit,  or  rathe*  have  be^  prora)  to  be  Cdse. 
Cotil  oooipaialively  leecnt  timw^  knovMye  as  to  the  oude  of 
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prcMingupon,  it  Witliout  dennng.  or  even  doubtiug.  that  the  specific 
oiliar>-  constituents  nornialljr  exist  preformed  iu  the  Mood,  and  that 
the  functiou  of  the  liver  is  to  excrete  Ihcm,  they  recogniaud  two 
great  varieti«8  of  jaundice,  viz,  a  jnuadice  due  to  obetrucliuu  and  a 
jaimdice  due  to  nuu-climiniitiun.  This  %'iow  has  found  i>iipport{;ni  up 
lo  the  present  day.  aud  it  U  ouly  within  a  comparaiively  recent 
period'  that  fact«  have  accnmiilated  which  prove  that  jaundice 
IB  always  due  to  an  obstruction  tu  the  normal  efflux  nf  already 
Hcret«d  bile — au  obetruction  which  may  affect  the  flow  of  bile  aloDg 
the  minuteiit  hepatic  dnctfi. 

The  experiments  of  Kunde  and  of  Moleschott.  hnd  shewn  thai 
after  the  extirpation  of  the  liver  of  frog»,  the  blood  and  tissucH  of 
these  auimals  are  free  from  all  traces  uf  the  Kpecific  biliary  con- 
stituents. Tn  spite  q(  these  facts,  which  have  received  remarkable 
coofiriQutioD  aud  extension,  the  a&^umption  wa«  madu  by  some 
(Budd,  Harley)  that  the  liver  only  forms  the  bile  acids,  whilst  it 
excretes  from  the  blood  ready  formed  bile  colouring  matters.  Re- 
lying on  the  altogether  erruneouii  atiHertion  that  the  bile  actdH  are 
abacDt  from  the  urine  in  cases  of  jaundice  in  which  no  obvious 
obstruction  exists,  a  supposed  distinction  (based  on  the  non-elimina- 
tion of  bite  acids)  was  attempted  to  be  established  between  theee 
Cases  and  cases  of  jaundice  in  which  the  existence  of  an  obstruction 
was  obvious. 

Whilst  admitting  the  already  proved  fact  that  the 
bile  acida  aud  bile  colouring  mattcr>i  are  formed  in  the 
liver,  Frericha*  advanced  the  theory  that,  in  spite  of 
abitence  of  all  obstruction  to  the  outflow  of  bile,  jaundice  may  arise 
from  the  reaboorption  of  bile  already  excreted  into  the  inteattue. 
Normally,  according  to  Frcrichs,  the  constituents  ^if  the  bile  are  iu 
great  part  reab.<iorbed  from  the  inteintinr,  and  then  undergo  in  the 
economy  oxidations,  by  which  they  are  destroyed.  If,  however,  the 
(juantity  of  bile  secreted  is  greater  than  can  be  disposed  of  in  this 
way,  the  biliary  constituents  will  accumulate  in  the  Diood.  stain  the 
tissues,  and  be  excreted  in  the  urine,  in  short  all  the  phenomena 
of  jaundice  will  be  induced  by  a  condition  which  may  be  termed 
•polycholia.'  The  views  of  Frericha  were  supported  by  many 
lutogethcr  erroneous  iacts  as,  for  instance,  that  by  the  action  of 
sulphuric  acid  ou  the  bile  acids,  bile  pifimenta  can  be  produced,  aud 
that  when  the  bile  acids  are  injected  into  the  blood  t/tey  are  con- 

1  Tli«  dcreloptncni  of  out  kaowlsilgc  oo  tfaU  Bobject  '"ill  ba  uipRcwUd  by  tli* 
rMdtf  who  r*fors  Ut  th«  Article  JAondiM  by  tlu  UU  Vt  UukKUou  in  (Jiuui'ft 
IHettanarf  of  Htditint,  London,  1883.  Ttu  tbeoMtieal  MpUiutioD*  of  eaiM  efJaUl* 
tUcv  iiuiBpaiidint  of  tDMhatucal  ntmtruction  of  Iha  btU.duct'  ntiin  hj  Uui  dtottafOMMd 
phrddwa  *ro  alraady  u  obiiol«t«  u  wv  tboM  ulraiiotd  I9  Uorgavni,  BoorhuTe  uii 
Tkn  Swicten. 

*  Pr.  Tl).  Fnrieha,  KlMk  drr  L*hfTkTtnUuiifn.  In  iwai  Biodcn.  Brmonaclivflig. 
IdU.  Itcf«(  t«  Vol.  t.  p.  9i  (t  Mf . '  Dw  tvedUbiUtU  Vwbraadi,  dcr  Kwiimwp  UidmU 
d«r  UftU*  im  Blnte.' 
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verUd  into  bile  pigments*.  French's  observation  was,  howerer,  cor- 
rect t-liat  in  certain  cases  of  JRimdice  id  which  no  obstruction  can, 
prima  facie,  be  detected,  the  bile  secretion  is  at  first  increased.  The 
polychulia,  which  he  described  as  resulting  from  certain  icl«rogemc 
agent*,  is  a  precurftory,  or  concomitimt,  pbcnomenoD,  but  not  the 
emcicul  cause,  of  the  jaundice. 


'Dou  a   ITamaiogenic.  as  disitinguishad  from   a   H$pcaogeMC. 
Jaundice  e^ist?' 

Icterogenic  Puisojiom  Amenta. 

maoiMwr™.  We  have  stated  that  Frericha.  from  the  experi- 
tlonsofKiuuM.  mcnts  which  he  had  made  with  Stiuleler,  was  led  to 
conchule  thai  the  bilt-  acids  could  be  convertwi  into  hilt-  colouring 
matti^ra  by  the  action  of  cbemical  agenta,  ami  that  &  similar  con-; 
veraiuii  occurred  in  the  economy  ;  the  labtcr  conclusion  was  drawn 
from  the  fact  that  when  decolourized  bile  was  injected  into  the 
circulation,  the  uriae.  subsequently  excreted,  contained  bilinibin. 
lu  a  rumarkably  interesting  paper,  published  in  I80H,  Ktlhre*,  whilxt 
confirming  the  accuracy  of  the  last  experiment,  pointed  out  that 
the  salta  of  the  bile  acids  act  in  the  same  wiiy  aa  doeolourized  bile, 
and,  further,  that  they  possess  the  power  of  di^isotviiig  the  coloured 
blood  corpuscles.  He  was  led  to  conclude  that  the  bilirubin  ex- 
creted in  tim  urine  was  derived  not  from  bile  acidi),  og  Frenchs 
had  !iuppo)>ud,  but  from  the  hiemoglnbin  thus  set  free  in  the  blood, 
an  explanatiou  which  appeared  plausible  enough  when  we  consider' 
that  the  researches  of  Virchow  and  others  (see  p.  31(1)  had  already 
established  that  bilirubin  (hotinatoidin)  can  be,  and  actually  is 
formed  from  the  blood  colouring  matter  when  this  is  locally 
extravaaated.  In  pursuance  of  bis  researches,  KUhne  injected  a 
solution  of  the  blood  colouring  matter  into  the  circulation  of  dogs, 
but  found  that  the  urine  excreted  contained  baemoglobin  or  it« 
derivative*,  but  no  bile  colouring  matter.  If.  however,  a  verj-  amall 
quantity  of  the  salt  of  a  bile  acid  were  injected  together  with  the 
solution  of  oxy-ha;muglobin,  bilirubin  was  excretud  in  the  itriuc. 

Tho  observations  of  KUhne  aecmcd  to  afford  a  new  explanation  for 
ono  group  of  caaca  of  jaundico  which  bad  been,  until  then,  explajucHl 
by  the  old  theory  of  uuu-elimiuatiou  or  by  the  more  recent  hypothesis  | 
of  Frcrichs.     The  cases  to  which  we  refer  are  uarticulaily  those  iai 
which  jaundice,  or  at  least  the  elimination  of  Diliriibio.  occurv  as  ft' 
consequence  of  the  action  of  medicinal  or  poisonous  agents,  as  wbeit 
chloroform  or  ether  are  introduced  into  the  blood,  or  wnen  an  animal 
is  poisoned  with  phosphorus  or  anseniuretted  hydrogen.     In  some 

'  pMricbs  u.  SUdeLsT,  '  Ueb«r  dia  UmwAndlnag  itt  Onllenuititatt  fa  F*rbMtAfi,' 
KaUer'n  Jr^kiv.  IHSft,  pp.  56— i>l- 

■  KOhne,  'It«ltragc  lur  Lebre  von  loMriiJi.  eiiie  iihyjuoIiOQiMta-ebomiMtM  Datvr* 
mohuDg.'    Virohcw'i  Archiv.  VoL  xn.  (iwe),  pp.  81(t— Sfi*. 
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of  these  cajies,  th«  a^nt  able  to  lead  to  the  elimlnatifin  of  bilirubin 
is  known  to  h&  able  to  effect  a  liifiiDte^ration  or  solution  of  the  coloured 
blotx]  corpti!tcles.  Witb  these  canex  of  jaundice  due  to  well-defined 
toxic  agents,  it  was  natural  to  counect  the  cases  of  Jaundice  occurring 
occasionally  in  connectioQ  with  certain  aDinial  poisous.  as  that  of 
snake  bite:  with  certain  rymotic  diteases,  such  &»  r«mitt«Dt  and 
intermittent  fevers :  or  id  coouectiou  with  acute  yellow  atrophy  of  the 
liver,  a  disease  prosontiag  a  remarkable  resemblance  in  ita  phe- 
nomena to  hIuw  poisoning  by  phosphorus  and  some  other  ngenta. 

The  researches  of  Kiihne  thus  rendered  it  probable  that  in 
addition  to  an  /ie/)afc)^«nic  jaundice,  there  might  exi^t  a  haniiato^mic 
jaundice,  perfectly  explicable  without  recourse  to  the  altogether 
untenable  hypothesis  that  normally  the  bilu  colouring  matten)  exist 
preformed  in  the  blood,  and  are  merely  excreted  by  the  liver. 
Captivating  though  the  now  theory  at  first  appeared,  the  progress  of 
reKearrh  hiiM  shewn  it  to  be  incorrect,  and  has  forced  us  to  the  cim- 
clusion,  expressed  at  the  outaet  of  this  chaptor,  that  all  case«  of 
jaundice  are  due  to  reabsorptioD  of  bile  already  formed  in,  and  by, 
the  liver. 

In  the  first  instance  catne  a  aeries  of  reaearcbes  which,  indirectly, 
led  to  grave  doubts  being  entertained  whether  free  hipinoglobin 
existing  in  the  blood  is  converted  into  bilirubin.  Max  HcrmaOD' 
had  found  that  the  injection  of  wator  into  the  blood  of  dogs  led  to 
the  excretion  of  bile  pigment  in  the  uriuc,  and  hod  explained  thu 
phenomena,  on  KUhue')>  bypothoniii,  as  due  to  a  conveniioa  iif  ba>rao- 
globln  into  bitirubiD,  independenlly  of  any  hepatic  action.  J.  8teiner*i 
however,  im  refwaling  thette  experimentn  with  rabbits,  was  only  able 
to  discover  bile  colouring  inatt«r  twice  in  twenty-four  experimeDts, 
the  exceptional  results  being  explained  by  Xauoyn*  by  the  fact  that 
fasting  animals  excrete  bile  colouring  matter  in  the  urine. 

BxpuiiaNiu  Subsequently  Tarchaiiotf*  injected  solutions  of  crys- 

of  Tucboaoa  tiiUised  oxy-hteraoglobin  into  the  jugular  vein  of  dogs, 
um  Toului.  jjj^^  collecting  the  urine  an  it  flowed  through  cannulai 
tied  intn  the  ureten  found  that,  for  about  two  hours  or  more,  nftor 
the  injection,  the  urine  contained  hsemoglobin  in  solution,  but  do  trace 
of  bile  colouring  matter,  though  Kubsoquently  the  latter  made  it> 
appearance. 

Tarch&noflT,  further,  found  that  when  oxy-hsmoglobio  was  injected 
into  the  veins  of  dogs  with  biliuy  fistulae,  the  quantity  of  bilirubin 

>  Uu  Hermum,  'D«  •llMtn  «saffa>i>i*  ditnU  in  Raontioaam  nriiiM.'  Diawii. 
iDftait.    Berolinl,  1HC9. 

*  J.  Sletoer,  'Vtbfa  die  hAnuloi^De  BUdunR  i1«b  OallonhrtMtoOM.*  Arekiv  J. 
AHot.  ■».  i>Ayj.  1678.  p.  160. 

■  Naitots,  'Baluitga  sur  Lehr«  von  IcUrui.'  Amhtp /.  AmI.  ».  Phythl.  iat», 
pp.  43« — 140. 

•  Job.  Font  Tarelunofl,  '  tlAbor  die  BIMaaii  <roa  (WUm piemen t  »tM  BlnllkilMotf 
tan  Tliinkurper.'  fODgei**  Arrhir.  Val.  ix.  (1874),  fp-  ^y—Hi;  'Znr  KwDlufas  d» 
aalteifarbiitollbilduiig.'     lUd.  pp.  839 — 8M. 
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excreted  in  tbe bile iocreoacd.  ToolucitlaU>thclattorfac(.heiDJected 
solutions  of  bilirubin  into  the  veins  of  tk^s,  aud  fouad  (bat  iu  ibis 
ca^e  alito  tliu  amouut  of  bilirubin  excreted  in  the  bile  increased. 
From  those  ros^^arches,  Tarehiiuoff  was  led  to  Bup|}ort  the  theory  of 
tliu  pOKEibility  uf  tlie  urtgin  of  bilirubin  witbin  the  blood  itself,  at 
tlie  expwusM  uf  bludd  colouring  matter  set  free. 

Vossius^  repealing  the  experinieats  of  Tarcbanoff,  confirmed  tbe 
8t«i«ineiit  that  when  bilinibin  is  introduced  into  the  circulation,  the 
quantity  of  colouring  matter  excreted  in  tbo  bile  inoreosea,  though 
he  was  unable  to  observe  this  increase  when  bwmoglobin  wa« 
injected.  The  ihoruugb  iuvcsliKation  of  Stttdelmann*  on  this  subject 
thoroughly  confirmed,  howevar.  the  fact  that  not  only  does  the  bilirubin 
of  the  bite  incrcosc  >vhen  bilirubin  is  introduced  into  the  blood,  but 
also  when  haemoglobin  u  injected  into  it.  Ii  yet  reinaiued,  how- 
o»er,  to  discover  whether  tbia  conversion  of  btemoglobin  into  bili- 
rubin occurs  in  the  blnod  itself,  and  whether  the  process  can  go  on 
independently  of  the  liver. 

In  very  beautiful  investigations  on  the  action  of 
toluylendiainiu,  [C,H,(CHj)XH,),]  and  of  arscniurettedj 
hydrogon'j  Erust  StitdeEmann  shtwed  that  both  the«« 
agentji  often  induce   ho^moglobinuria  and  jaundico  iu 
tlie  lower  animals  and  that  this  jauudice,  which  is  at 
first  accompanied  by  an  increased  flow  of  bile  (polycholia),  and  afier-j 
wards  by  n  diminished  flow^acliolia),  is  almost  cert,ninly  nf  hepotogenio ] 
origin*.    Subsequently  Afauassiew'  shewed  thai,  under  the  influence 
of  the  poiBons  employed  by  StAdelmauD,  there  is  developed  inter- 
stitial hepatitis  as  well  as  glomoiiilo-nephritiB.  and  Minkowski  and 
Naunyn  discovered  that  the  polycholia  wnich  follows  poiflooiog  with 
arseniuretted  hydrogen  "goes  hand  in  hand  with  the  appi-aroncc 
eelts  in  the  liver  which  enclose  numerous  blood  corpuscles  and  wital 
the  transformation  of  the  haemoglobin   which   these  c«lls    contain. 
Thus  bile  colouring  matter  is  formed  witbin  the  cells  which  enclose. 
blood  corpxiscles'". 

'  TowaiUB,  ^uitntilalivr  tpeciratatialgt(4che  Hetlimviuny  dn  Oallenjiifbtloje*  i»  iter 
Qatlt.     aie«B«n,  1B79.     B«e  alsu  uou;  1.  p,  367. 

■  Di  Emiit  Stiiddinonit,  '  Zut  EeDntuivti  d«r  OkUenHtofTltUduuii  *  (Auk  dein  Lab, 
dcr  nied.  Elinik  iu  KOBii|{ib«Ti{| .  Arckiv  i.  fxf.  I'atiw!.  a.  i'liarniak,  Vv].  xv.  (I88S), 
^  M7— 863. 

<  Tht!  tmt  tbat  jnundicc  occur*  in  ouu  of  puluxiing  by  u«eiiiut«lU'd  li^dro^eo 
mtm  had  becii  Iuqk  knuwn.    NAuayn,  in  eipcrimtintii  ot  which  the  nsuItH  «arc 
piibliHhnl  ill  BtiidiJuiiain'B  i>jipeT,  wm  tlie  ftnt  U)  induoe  ictonu  In  the  lovu  f  tiiilf 
by  the  inhiilntiun  nf  AstL,. 

*  Cnivt  !j tilde Imnnti,  '  Toluirleiidiiutiiti  iitid  Mine  Wirkuiifi  naf  den  Thicrk4rp«r.' 
Arthiv  f.  rty.  Pathalogit  tind  IViumui.  Vol.  iiv,  (It^Sl),  [.p.  231—387  4nii  422 — 460} 
'Die  Afwnwiuaj-mlofliM-giftuoe.'  Ibid.    Vol.  «vi.  (1SS3K  pp.  221—356. 

*  M.  AfiiiuiariHW,  -Ueber  die  paDiiiloutEoli-nualumitelia]  VeniiidcrunKno  in  Vi 
and  Lebpi  \m  finitien  mit  nnuiiiplubinum  uiid  Ictsrux  TwhandvoMi  Vvrftiftaiigai.*' 
VUchow'*  ArcliiP,  Vol.  loviii.  (1864).  pp,  iiJO-UOO. 

*  0.  Uinliowsld  uad  U.  Nbuiijq,  '  Urber  dm  lolcini  dnrcli  Pdljroholl*  oad  dla 
VoT^ga  ill  dvr  I^lar  b«i  <l«ni>»l(«D.'    Jrehiv  /.  exp.  Paihol.  u.  Pliarmak.  V<j.  xa»j 
(IC^,  pp.  1— SB-     G»r«r  to  SMt.  -1,  ■  Ceb«r  die  Votgitngo  in  Stt  L*b«r  M 
(AnsnwumretoS)  Poljrohalle  (p.  19— SDJ. 
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Tba  eenuln-  St«m*  had  shewn  that  when,  in  doves,  all  the  blood- 

■tTB     axp«n-    ^essols  going  to  the  liver  are  tied,  as  well  &a  the  bile- 
meata  of  Mui-    ilwcts,    no   bile   colouring    matter  aecumulfttes  in  the 
kowiki      and    blfrod  and  tissues  :  a  result  which  obeolulc-lv  proved  the 
ausyn  .  incorrectuefw  nf  Harley's  views  that  the  bile  colouring 

mattt-r,  unlitcc  the  bile  acids,  is  not  formed  in,  but  is  merely  excreted 
by  the  liver. 

Iq  dovoa,  however,  tbc  secrotioa  of  urine  is  cooiplotoly  arrested  by 
the  ligature  o(  oil  the  vcKtcU  supplying  the  livi-r,  whereas  in  Uncks  and 
geeae,  as  Uinkowijki  and  Naunyn  discovered,  the  eecretion  continues 
ai'ter  the  operation.  Applying  the  inetliod  lirat  employed  by  Stem 
to  these  animals,  with  tlie  addition  that  the  liver  watt  mibsemiently 
extirpated,  they  found  that  if  the  whole  nf  the  liver  had  been 
removed,  the  urine  remains]  fr»a  &rom  biliary  constituents.  Having 
determined  that  normal  ducks  and  geese  after  the  inhalation  nf 
arscniuretted  hydrogen  excrete  bile  colouring  matters  in  the  urine, 
they  proceeded  to  expoae  ducks  and  Keese  from  which  they  had 
removed  the  Liver  to  the  tuimo  agent.  In  the  time  which  intervened 
between  the  poisoning  and  the  acEith  of  the  bird,  uriuc  was  excreted 
which  contained  hteuiuglobiu,  but  wkich  was  free  from  bile  cohuriag 
matters.  They  thus  Huccocded  in  dcmonBtroting  that  in  the  most 
typical  cases  of  supposed  ha-motogeiiic  jaundice,  the  excretion  of 
bilirubin  is  necessarily  connected  with,  and  dependeut  on.  the  liver. 

In  a  sense,  however,  these  cases  of  jaundice  induced  by  icteru- 
guoic  dnigb  ditTcr  from  the  ordinary  run  at  camsi  uf  Jauadice,  in  that 
the  changes  induced  in  the  blood  are  probably  the  starting  iroinl  of 
the  hepatic  changeii  which  lead  tu  the  subecqueut  absorption  of  bile 
colouring  matters  and  which  are  the  cause  of  the  polycholia  which 
dietinguishea  them  in  their  earlier  stages 

As  waa  previously  staled,  some  (^Leyden*.  Budd,  Hartey)  who 
held  the  opinion  that  two  great  divisions  of  cases  of  jaundice  existed, 
believed  that  they  could  be  diiicriminaleil  one  from  the  other  by  de* 
tcnuining  whether  the  urine  contained  bite  acids  as  well  as  bile 
colouring  matters,  the  former  being  said  to  be  only  excreted  iu  jaun- 
dice from  obstruction.  As  a  matter  of  fact  the  disoovotr  of  bile  acide 
in  uriue  docs  not  admit  of  being  satUfactority  made  by  the  simple 
employinetit  of  Pettenkofer's  reaction,  and  the  iticientitic  p^)of  of  the 
prcsi-Dcx!  nf  bik-  ncids  requires  upenitious  of  cousiderablf  cumphytity. 
But  Stiidelmauti  *  has  couclustvely  proved  that,  in  the  jaundice  occa- 
sioned by  icterogenic  drugs,  the  urine  often  contains  bile  acids  as  well 
as  colouring  matters,  whilst  Nauuyn*  discovered  them  in  two  casos  of 

>  Bob  aota  «,  p.  W4. 

■  Uaaa  6t«ni,  *  DdUilffe  stu  PsIhokgU  do  Lcfccr  lai  4m  Ic4«ni*.  1.  Vctwr  dia 
nonu&Iu  BiliuagMtttl*  Jit*  IMleaUihdaUm.'  Arehiv  /.  »r^.  PdlAof.  n.  i'AarmuA. 
Vol.  in.  (IWU),  pp.  W— 5». 

■  Leaden,  BeitrO^t  tut  i'alKoIupf^  it»  leUrut.    Derlln.  ISGff. 

*  HLidelnuiio.  ^.  H(.    Arthiv/.  up.  Paih.  m.  Fhantak.  Vol.  in.  f.  331.  , 

■  Nnnnjn.  'Bulriige  lUf  Lelira  rom   fettnu.*    Anhiv  /.  Jtnl.  u.  Tlryt.  1961^] 
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pyaomic  jaundice  in  which  no  obstacle  to  the  flow  of  bile  into  the 
intvstiDv  i;xistcil,  aod  iu  which  the  liver  yrag  not  more  deeply  bile 
Gtamtid  tliau  the  other  oigaos. 


Does  a  '  Urobiiin  Jaundice '  exift ! 

It  hm  long  been  known'  that  cases  of  jaundice  occasionally  occur 
in  which  the  urine,  though  of  dark  colour,  does  not  exhibit  Gmelio'B 
reactiou.  Some  of  these  cases  are  to  be  explained  by  cbe  fact  that 
when  stained  mth  bile  colouring  matter,  the  !*lciD  retains  its  jaundiced 
lint  for  souiK  time ;  in  traii&itory  cuaea  of  jaundice  it  does  so  for  & 
coDsidenkbIt?  liniL-  aiict  the  liquor  sanguinis  and  urine  have  becoc 
free  from  biJinibin.  Thtru  arc,  however,  some  rases  of  tdight  and  per- 
sistent jaundice  iu  which  the  urine  does  not  exhibit  Gmeliu's  reac-1 
tion,  but  contains  abnormal  quantities  of  urobilinoid  bodies*.  Tliese ' 
have  been  calli^d  easeii  of '  Urobilin  icterus'  (Ict^re  h^aph^iqae  of 
Gnbler  and  Dreyfuss-Brissac).  Q«incke^  who  has  investigated  this 
subject  carefully,  concludes  that  the  jaundiced  colour  of  the  sldn 
never  depMlda  upon  urobilin  (a  self-evident  proposition,  seeing  tbat 
urobilin  pogMMOi  no  such  tinctorial  power  as  would  enable  it  to  stain 
the  tissues),  but  that  the  urobiUn  found  In  the  uiine  in  these  cues  ia 
due  to  a  transformation  in  the  urine  of  normal  bile  colouring'  matter. 
On  examining  the  blood  scrum  he  always  found  it  to  coDtain  bilirubin. 
Aeconling  to  Frerichs.  jaundiced  urine  occasionally  does  not  exhibit 
Gmel)u'&  reaction  when  first  passed,  but  does  so  after  exposure  to 
air  (?).  Hence  he  surmised  the  existence  of  certain  chromogeQ8,  cOD- 
vertible  by  oxidation  into  nonnal  bile  colouring  matters. 


Sect.  2,    Thk  MoDiriCATioss  ix  CHoncAt  D>iiPosinoN  which 
THE  Bile  exhibits  in  Disease. 

Our  knowledge  of  the  changes  which  the  bile  undergoes  in  diusK 
ia  remarkably  scanty ;  this  necessarily  follows  from  the  tact  that  wa 
haTC,  in  the  human  subject,  no  means  of  obtaining  tbe  scct>etioii 
during  life,  nnd  that  such  data  as  we  possess  are  almost  esttrelj 
derived  from  analyseit  of  bile  obtained  post  moctam. 

In  discussing  the  action  of  icterogenic  poisonoos 
agents  we  have  rcfcnvd  to  the  fact  that,  in  the  6rst 
instance,  the«e  agenu  lead  to  the  settii^  free  of  tbe 
oxy-bsmoglobin  which  the  red  blood  oorvnacles  can- 
tain.  It  has  hwa  found  that  under  these  weonutanees 
hemoglobin  finds  its  way  into  the  bik.      Filehne*. 

>  Fraidw,  KUmiM  4.  LafarbMUciMii,  ToL  t.  p.  lOL 

'  C  QjAkA,  'Vilbm  DtoMfaiia'    Witmr  mti,  Watkauthrift,  lan,  ma.M.f 

•  H.  QnaaU,  Biildn  na  Lifer*  tv«  Utmwt.  «  'Vikm  «n  ■Bgwwtei  UkAU 
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who  gives  thv  name  of  ' Hwmoqtohinocholia'  to  tliis  condition,  has 
found  that  it  is  set  up  in  the  rabbit  when  \\m  animal  is  poiwued  by 
the  following  subatancea:  phenyl hydrazin.  toluylendiamin,  the  deri- 
vatives of  auitin,  p^Togallol,  potiuutlum  chlorate,  iic. 

Vossiua'  had  alruady  twico  observed  the  passage  of  ha?raoglobin 
iuto  the  bile  »f  the  dog  aa  a  result  of  tlie  injection  of  water. 
Wertheimer  aud  Meyer'  likewise  observed  the  passage  of  ha«nio- 
gluhin  into  the  bile  of  dogs  when  these  animaU  are  poisoned  by 
means  of  aiiilin  and  toluidm,  a»  well  as  when  death  is  induced  by 
cooling  the  body.  It  would  appear,  however,  from  the  subsequent 
reKearcheH  of  the  authors,  that  the  pheDomcna  are  not  as  constant  in 
the  dog  as  in  the  rabbit'.  The  ehmiuatioa,  by  the  kidneys,  of  the 
liaemoglobin  which  htui  passed  into  solution  in  the  liquor  sanguinis 
appears,  in  this  animal,  to  be  so  rapid  that  its  diHiibioD  iuto  the  bile 
does  not  occur*.  Probably,  haemoglobin ocboUa  will  be  found  to 
exist  ia  pormcioua  acaimia  aitd  in  early  stages  of  acute  yellow 
atrophy. 


Tbepnaeiua  Jn  hvperiBniia  of  the  liver  resulting  from  an 
thu'^ii'"'''  **  obstructed  venous  eirculatinn,  albumin,  ocoi&ionally 
but  by  no  means  always,  is  found  iu  the  bile'.  In 
Bright's  disea&e  nnd  in  some  cages  of  fatly  liver  (7),  and  sometimes 
after  injection  of  water  iuto  the  blood,  the  bile  is  eziid  to  contain 
albumin  ^ 

Tbe  !!«•««»         The  bilo  18  said  often  to  contain  largo  qnantities  of 
ot  Butar  in  th«    gugar  ia  caacs  of  diabetee.   According  to  Claude  Bernard 
the   injection  of  sugar   into  the    blood    leads   to  the 
secretion  of  a  sacchanne  bile. 


TttapTMano* 
oC  nr»L  In  Uia 
bUa. 

TbaprtMnoa 
of  l«Bcln»  aad 
lyrotlaa  In  Ui« 


Excels  of  urea  has  been  found  in  the  bile  after  death 
from  Brigbt's  disease  and  cholera. 

Leucine  and  t^Tonine  have  been  discovered  in  the 
bile  of  fiatients  who  have  died  from  acute  yellow 
atrophy  of  the  liver. 


uniictinndviuiKeu  ftad«TeB  (btoUchiidigOMlai)  Giu^rifltu).'  Vitohow'v  JrtAi'v,  VoLoxm. 
{lS8B),p.  ■tl5-4I7. 

<  kiaXt  Vociiaa,  ■  BavtimaraoMB  Am  OsUftifiubitodM  in  der  OkUa.'  Arehl*  /.  of. 
Ptilholofit  u.  Pharmak.  ToL  n.  (1*T9)  4M  rt  tq. 

*  E.  Wcrtludjnct  uidS.  UcTvr,  'De  I'spfftrition  da  I'DxybtoMglobuM  dani  l>  faOa 
•I  dir  quuIquG*  cancUns  qwclroKopiquoa  noniMia  dc  oo  LiqoidD.'  JkAJvm  de  Pk^ttt- 
tofie,  Jnilkt,  IBM,  p.  486  M  m. 

■  B.  Warllwiiur  and  E.  Ucjer,  '  D«  qiMlitiM*  Ul*  douvmbx  raUlif*  «ij  mm»tt« 
dc  la  nAtUM  MlomiM  dn  ung  dans  U  biw.'  Arehl>4i  de  Phffri«t»fii,  1  Inu,  WM, 
p.  4i!&  tt  uif. 

*  8m  a  eritieUm  of  Wntbeimur  and  Uejor't  Ural  paper  bjr  Pilahne  in  a  Mcood 
paper  hj  this  wjthnr  entitltd.  'Dor  L'«berean|{  vom  Bbnoglabln  tn  dia  Oalla.*  TIrdKrw'a 
Jrchle.  Vol.  cjii.  (1»!I0).  p.  ««. 

*  French*,  ■I>ie  SuoonKohvpcriiiiiia  dcr  Lobet,'  KUitik  ier  LAerkrankktUtv,  Vol.  I. 
p.  873  aud  378. 

*  Oaulier,  Chimin  Piotofi-pu-..     P»m.  IBM,  p.  !M. 


Tbie  abwaoe  Cftses  have  been  recorded  where  the  bile  found  in 
of  bua  ccltnir.  the  call  bladder  after  death  has  been  oolourlesB.  Some 
tor  nutura  (,f  tLese  have  been,  doubtless  cnaes  of  the  'hydrope 
man  u>a  bu*  cjstidis  fellese'  which  will  be  referred  to  below,  the  fluid 
found  in  the  gall-bladder  being  ft  secretion  of  its  mucous  membrane 
and  UDt  iruc  bile.  Ritter'  haa  published  aualyae*  of  colourless,  or 
nearlj-  colourless,  bile,  in  which,  the  other  biliary  constituents  being 

fireseni,  the  bile  colouring  mattcni  aloDu  were  ubaent,  or  neurl;  so. 
n  certain  of  these  cases  there  ivat>  tatty  degeneration  of  the  Uver, 
though  absence  of  biliary  pigment  i»  by  no  means  characLeriatic  of 
this  condition.  The  greatest  mterest  attaches,  however,  to  the  obser- 
vatioDS  of  Noel  I'aton  and  Balfour  who  found,  in  their  case  of  biliarj 
6stuta  (p.  275).  that  the  bile  always  became  markedly  paler  during 
pyrexia  aud  on  several  occaaions  was  quite  colourless.  When  the 
patient  was  sufFeriug  from  acute  touKiiitis,  the  bile  was  totally  des- 
titute of  oolouriug  matter.  'Throughout  the  course  of  the  feverish 
days,  in  the  early  morning,  wheu  the  temperature  was  lowest,  the 
bile  was  always  well  coloured,  and  it  was  towards  the  afiemooo,  when 
the  temperature  rose,  that  the  diminution  in  the  pigment  was  to  be 
obeeired  '.* 

During  [^rratia,  the  quantity  of  bile  t>  diminixhied  and 
the  colouring  matter,  as  above  stated,  may  dinuuah  to 
BucH  iin  exl«Hl  tUat  tlie  liquid  may  b«  colourless '. 

Ill  congration  of  the  li^^er  due  to  Teooos  olistmction,  the 
bile  MinetimM,  though  not  invariably,  oontains  albumin. 
In  fatty  U«f(vn«ntt)oa  of  tlie  li\-«r.  tlw  bile  haii  been 
notioed  to  be  deficient  in  cmlouring  matter,  thuvgh  this  ir  by  no  means 
always  the  «ue.  In  amyloid  dogeoetation  of  the  liver,  H')pt>e-8eyler,  oa 
one  occasion,  fuund  the  t^«  highly  pigmented  and  ooiitAiuiuf;  u  large 
quantity  of  solid  uatte-r«.  of  which  the  larger  {tart  was  insoluble  in  aloo- 
hoi*.  In  acute  yellow  atrophy,  the  bile,  like  the  other  Quids  of  the  body, 
contains  leucine  aud  tyrosine. 

In  dial>rt«H,  the  bile  cootauis  sugar.  lo  otaesnia,  whether  due  to 
■ffertion  of  tJip  kidneys  or  to  cholera,  the  amoimt  of  urea  in  the  bile  is 
increased.  In  cholera,  the  mueoas  tnembrwu  of  the  gall  bladder  may  or 
may  not  be  affected.  In  the  latter  cose,  the  gall  bladatr  contains  a  '  rice- 
water'  liquid,  Le.  a  whit«  turbid  liquid  mixed  with  flakes  of  detached 
nitbttliBm,  resambling  the  liquid  which  is  found  in  the  iateetinal  oanal 
ui  the  former  coik,  the  goU  bladder  contains  a  dork  ooloured  and  very 
ooacenttatL'd  bilp.  conccniing  whicli  it  ht  iiDpoa^ble  to  say  whethor  It  is 
•eeteled  in  the  condition  in  which  it  h  found,  or  whether  it  haa  bocota* 
ooocentnited  in  ita  pasmge  along  the  biliary  ducte*. 


Suxmouixy  of 
Um  dtanc** 
o(iMrv«d  tn  ik« 
tills,  cUwlSwl 
UBiMrpaiU- 
caliT  auiasia 


•  Rittv.  Cat^n  Kflwhw.  ToL  txxrt.  p.  815.  and  Jomrmal  44  VlnmUmi*  tt  A  U 
fkifHtiafi*.  l»n,  p.  ISl.  Tht  iMcter  ii«j  atas  ntm  U  a  papw  b;  T.  Haaot  aUittid, 
*I*oliM  pour  MTTir  i  I'LuUiic  da  I'ocbolki.'  Cnm^tm  mitw  d«  tu  S«MU  44  kmM#. 
las*,  nk  «1  and  SS6^ 

*  D-NoaFatooaadJ.  M.  B*lfo«r,i>f>.flt.    (Beta  to  p.  SU). 

*  NoaPUeaoad^.  ILl)aU<iw.<r-^' 'O*- "land  SUirfwolM  tap.  «H). 

•  Ban»S43rltr,  Pt^Oaltf.  Chtmit,  p.  Sis. 
>  BuHWPtjiM.  Pkflmkf.  Cktma,  p.  310. 
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The  Secretios  of  the  Qall-Bladder  in  so-called  Htdrops 
CvsTiDis  Felled. 

Id  the  records  of  cholecystot^niy  a  large  cumber  of  caec«  occur 
in  which  the  gall-hlsulder  having  been  opeoed,  in  order  if  possible  to 
remove  a  calculus  obstructing  the  neelt  of  the  b!*<lder  or  the  biliary 
paeBacrs.  it  was  fouad  full  of  a  colourless,  geoemtty  highly  viscoiu, 
liquid,  of  alkatioe  reaction.  The  calculus  is,  in  these  cases,  very  fre- 
(jucnlljr  impacted  in  the  cystic  duct  aud  acts  as  a  valve,  puniiitting  the 
expulsion  of  bile  from  the  gall-bladder  but  preventing  its  entrance. 
The  cijlourli:»8  liquid  found  in  these  cases  is  not  a  decolourised  bile, 
but  the  aecretiou  of  the  mucou«  m«iiibratie  of  gall-bladder.  When 
complete  ncclusinn  of  the  gall-blnddcr  exists,  it  may  become  enor- 
mously distended  with  this  Ouid.and  there  in  then  established  the  con- 
ditioR  known  an  dropsy  of  the  gall-bladder,  or  hydrops  cyaiidis  felleoi. 
It  would  be  a  great  mistake  to  suppose  that  the  mucous  eecretion 
which  &ll8  ihe  gall-bladder  in  the<se  caaes  represents,  either  oualita- 
tivoly  or  quantitatively,  its  normal  secretion.  Frerichs,  Nauuyo, 
and  otUers  hnvu  found  indeed  that  in  audi  coses  the  cpitUvtiuui  of 
the  gall-bladder  has  changed  in  character.  Referring  to  them, 
Nauuyn  nys,  "das  Epitbcliuio  vcrllort  den  Character  dee  Cylinderepi- 
theU.  Ich  faud  iu  niebrereu  F&Ueu,  atatt  seiner,  einen  aus  vie! 
griisseren  knbischen  Zellen  bcstehenden,  Epithelbelag.  Das  Uletche 
Hinder  Pittres  u.  A,  vor  mir'." 

GliHson*  aud  de  Gra&f  were  the  first  to  examine  the  fluid  under 
discuaaion.  though  the  first  chemical  analyns  of  it  was  published  by 
Frericbs*,  who,  in  one  case,  found  it  to  contain,  in  1000  partji,  9K2'7 
parts  of  water  and  17'3  parts  of  solid  matters.  The  organic  matters 
(mucin,  dee.)  amounted  to  IG'O,  the  alkalies  to  0*6  and  the  earths  to 
U'7  parts  for  lOOO.  In  some  rases  of  this  kind,  if  the  gall-bladder  be 
opened  and  a  fistula  established,  the  secretion  of  liquid  continues. 
Two  such  cases  have  been  ohaurved  by  Mr  Mayo  Bobaon  of  Leeds. 
The  fluid  was,  iu  the  Brat  iustance,  examined  by  Birch  and  Spoug*. 
One  of  theac  coses  was  afterwards  much  more  satisfactorily  investi- 
gated by  Mr  Mayo  Ro))6on  himself'. 

The  case  was  that  of  a  woman,  aged  32  <  weighing  48*6  kilos.), 
who  was  operate  on  in  January,  1884,  for  distended  gall-bladder  due 
to  gall-stones.  A  fistula  having  been  established,  a  constant  Bow  of 
souitrwhat  viscid  li(|uid  was  set  up;  tbia  was  aastiined  to  be  the  un- 
mix(^  secrvtion  of  the  gall-bhulaer,  as  coinpl«to  occlusiun  of  the 
c}*atic  duct  exiabed  and  as  no  trace  of  bile  could  be  detected  in  the 

'  B.  SniinjD.  Klialk  dtr  ChoUlitkliuii  p.  IM.    Comptre  sIm  Fruioh*'  ramarlu 
{Klinik  d.  U^krankhtittn.  Bd.  II.  p.  H'i). 
1  UUmod,  AnaUm.  Utpatit,  Cftp.  VJ. 

*  im  Onttt,  Jraetaitu  at  muM  panfitJtlie^,  Ca|),  8. 

*  Franoha,  Kliaik  d.  Lfberkfankhritrn,  Bd.  ti.  p.  449. 

*  fiiftb  aud  SpiiU^.  Journal  af  I'h>/iiotug\i,  "Vol,  *tU.  V.  S7S. 

*  Utjo  BobtuD,  Praectditiiii  o/  iht  /tcyat  Soeiefg,  Vm.  ura.  (1890).  pp.  4M  tt  t*q. 
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secretion.  The  average  quantity  of  fluid  secreted  in  24  houra  was 
found  to  be  71'S  cc.  Tlie  followiug  are  (he  results  of  the  obeerva- 
tions  mado  od  April  29,  I8S*. 

Volame  of  secretion  in  24  houra  72  c.c. 
Sp.gr.  1D09-5 

Reaction.     Alkaline. 

Solid  matters  iii  1000  parts     15-36 
Water  984-64 


Organic  matters,  chiefly  mucin,  in  1000  parta    fi-T^ 

ChTorideit  e<,|ual  to  NaCl  5'73 

Sodium  caroouatc 2-20 

Other  salts.  cont«,ning  plioepbat««,  potassium  salt*,  ftc  0-71 

In  accorilauce  with  the  opinion  already  expressed,  it  appean, 
however,  to  the  Author,  that  we  cannot  from  the  study  of  the  above 
and  similar  caaes  (onn  any  accurate  idea  of  the  secretion  of  the 
uurniaJ  gall-bladder.  The  above  analysis  represents  the  characters 
of  thu  liquid  found  in  typical  cases  of  hydrops  c^stidia  fetlta  ami  wm 
probably  the  product  of  a  oiucous  meinbraue  of  nhicb  the  aeoretlng 
epithelium  no  longer  po«se«sod  its  normal  characters. 

Smpyvmaof  As  a  result  of  an  infective  cholecystitin,  empyema 

tie  s»u-bi*d-    of  the  gall-bladder  has   been  observed,  ia.  the  g«ll- 
^^-  blailder    becomes   distended    with    a    purulent    fluid. 

Naunyn,   who  has  investigated  mch  cases,  has  found  the  purulcot 
3uid  to  CMitain  Bacterium  cvti  commime'. 


Sect.  S.    The  iNFLtreNcE  of  Druqs  on  the  SECRtmox  op 
Bile.    CHOLAOoot-'ssL 

In  diacufsing  the  action  of  so-called  tcterogeoic  poiMDoos  agentfl, 
we  inddontally  pointed  out  that  tlier  appear  to  lead,  in  the  fint 
instance,  to  an  increase  of  the  quantity  of  bile  secreted,  to  a  Irtie 
polyctioUa.  We  have  now  to  refer  briefly  t«  researc-hes  which  ha?e 
been  made  with  the  view  of  dotermining  whether  medicinal  ogtHit* 
exist  which  exert  a  direct  action  on  the  secretion  of  bile,  especially 
whether  drugs  exist  which  may  onectly  be  termed  hepatic  stima- 
lauts  M-  cbolagoguea.  The  fact  that  certain  drugs  when  adniiniBtcrad 
to  man  induce  cc^ious  bilious  stools  has,  from  time  immemorial,  been 
supposed  to  indicate  that  they  possess  a  truly  cholagogue  action,  but 
the  conclusion  is  one  which  cannot  logicaUy  be  drawn  ttaxa  the 
prvmisea 

"The  cUoical  obaer^-cr,"  says  Professor  Rutherford,  to  'whose 
twHsardies  we  on-e  the  greater  part  of  our  Icnowled^  on  this  snbject, 
"baa  supplied  most   valuable  infomuition  regarding  the    power  of 

>  n  rmm.-T.  •MT'ifrmtTiTtnintrrmtiti  Trnri  rtat  rmrynin  inrlliHpnhliw.' rfiwl 
4.  CkcidUktmt*.  t^  tOS. 
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various  sul^tanceH  to  iDcreRse  the  nuioutit  of  bile  in  the  dejectioos. 
He  obearves  dejeotions  of  a  clay  colour,  he  givos  Bvc  graina  of 
calomel,  anJ  further  observes  that  iu  some  cases  the  oejectioos 
thereafter  aeeiime  their  naturul  appeuraiicc  He  caonot  bv  certain 
of  the  maoDor  in  which  this  reoult  is  bruugbt  about.  For  auythiDg 
be  known,  it  might  be  ucctuioniid  (I)  by  Ktiniulation  of  the  hepatic 
secreting  apparauiK;  or  (2)  by  thi^  stiinulatiou  of  the  inu-scular  hbres 
of  the  gaiJ-bladder  aud  larger  hile-ducts — to  wit— the  bile-expelling 
i^paratus ;  or  (H)  by  removing  a  catarrhal  or  congeKte>i  state  of  the 
orifice  of  the  cummon  bile-duct,  or  of  the  general  extent  of  the 
larger  bile>ducts ;  or  (4)  by  reiDOving  from  the  interline  substauces 
which  bad  been  paaaing  therefrom  iuto  the  portal  vein  and  depre^tii)' 
the  action  of  the  hi^patic  celU;  or  (5)  by  stimulating  the  iiitestiual 
glands,  and  thus  producing  drainage  of  tbe  portal  «yateni.  whereby 
the  '  loaded  '  liver  might  possibly  be  relieved'. 

In  truth,  the  investigation  of  cholagoguea  is  one  of  the  most 
difficult  in  the  whole  range  of  phaimaeology,  for  the  various  methods 
of  reiKiarch  which  have  hitherto  been  employed  are  all,  more  or  leas, 
open  to  objections  which  compel  the  utmf>3t  caution  in  drawing 
inferences  from  theiu.  and  have  ted  to  the  luu^tt  contradictory  reauit«. 

The  firat  ubflervations  un.  the  cholagogue  action  of  a  drug  had 
reference  to  calomel  and  were  perfonned  on  dog8  with  biliary  6stul». 
"  By  this  method,  Xasse',  Ki>lliker  and  Miiller'.  Scott*,  acverally  made 
observations  on  a  single  dog  with  roferaiMe  to  the  eilect  u!  calomel 
on  the  biliary  secretion.  Biding  m  aome  meoeure  coatradiciwr^-,  the 
subject  wa«  m  l>t66  takeu  up  by  a  committee,  of  which  the  late 
Profeasur  Hughes  Burueli  was  ehairmao  ajid  reporter*.  Frofessur 
Arthur  Uati>gee  aud  the  Author  were  the  two  junior  members  of  the 
cuuimiltee  upon  wliom  d(;volvcii  the  taak  of  perfurming  the  expcri- 
mems.  The  investigation  waa  laboriouB  and  lasted  two  years"."  The 
conclu&ioua  arrived  at  by  this  committee  were  that  calomel,  mercuric 
chloride  and  taraxacum  do  not  increuse  the  dow  of  bUe  but  probably 
act  ou  the  bile  expelling  apparatus. 

"  lu  I87a  RiJhrig'  observed  the  rate  of  biUary  flow  from  temporarj- 
Hstiilat  in  laating  curarised  dogs,  U-foie  and  after  the  injection  of 

Surgative  agents  into  the  stomach  or  intoaiinc.     He  found  that  large 
uses  of  cruton  ml  greatly  increased  the  secretion  of  bile  aud  t-liat  a 

'  Vi.  Bntlwrford,  *  hn  BimrinMaUl  Btwreh  on  the  ?h7iiol<wicftl  Action  <4  Drags 
on  iht  Saentioii  of  Bile^'  (Ftoui  tlic  TmuaellirM  of  the  Hoyiit  S<tei4t]f  «/  KdltAwth, 
VoL  Uix.).    BduibiirKb,  1479. 

*  J.  H.  !la«M,  ■  Comaanutio  i»  bilif  ^notidi*  a  mb*  mmmis  oopik  •!  ladal*.' 
giisUd  ij  BaUMffeia. 

'  KOllikaraodUlUlM','Beltr«9UuLeh»<roitdarGt]lo.'  li'antmrf.  Vrrhnndlunffrn. 
Vol  t.  (IK&S).    guolad  by  Hatitettori.  p.  Ul. 

*  U,  ijvoti,  -  On  tiM  inllueoce  at  uiercuriAl  prepMMWOa  «»  ibo  tacraUou  oJ  btis.' 
Btale'a  dtrltirf  of  iltditine,  VuL  I.  ]>■  SOS. 

■  SirHiil*  .iftciatioti  ttrpirrtf,  146tj>. 

■  Itutbrrford.  op.  eit.  p.  134. 

*  Kehru,  ■  EqMriDMBUUo  tlntenuehoDgea  Uber  dk  Pliyaioto^  iter  UaUanslison- 
dmog.'    iVlcMr  rntd.  JoA/UkAcr,  1972.  ^  UO. 
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similar  effect,  though  to  a  lees  extent,  was  produced  by  colocynth, 
jalap,  aloes,  rhubarli.  senna,  iind  sulphate  of  magaesia — ihe  potency 
of  these  agents  as  stimulauls  of  tlic  liver  being  in  the  order 
mentione<l.  He  found,  moreover,  that  castor  oil  bad  little  efiect 
and  that  calomel,  while  it  seldom  readied  the  biliary-  secretion  after 
it  had  ceased,  nevertheless  somewhat  augmented  it  when  taking 
I^acc  slovty.  Rohrig's  sutcrac&t  with  rog&rd  to  calomel  do«s  oat 
differ  much  from  that  made  by  Hughes  Burnett's  committee,  but 
iieTcrtlMl«tt  he  did  find  that  cert-ain  purgative  agents,  when  giren  to 
&stinK  Miimab  with  tvmporan-  bUiary  ^stuls  increased  the  lultaiT 
secretion,  while  the  committee  found  that  in  nwfattinq  animals 
with  permanent  biliary  fistula-  purgative  action,  induced  by  podo- 
pkyllin,  ealomel.  &c,  diminished  the  amount  of  Ule  aeeretea  in  the 
twenty-four  hours*," 

anUMrtard«  Subsequently'  Profrasor  Rutherford  reenmed  the  in- 

'■"'"•"■  vestieatjon  of  thi«  subject  and  in  1S79  publi£h*d  the 
elaborate  memoir  already  rpferred  to.  In  his  mearcfaes.  like  Rohrig^, 
he  deteitnined  the  rate  of  flow  of  the  bile  from  tempotuy  6stuls  in 
fiuting  curarised  dogs.  It  is  impoeoible  to  give  here  the  whole  of  the 
(fif^^wir)  condusiene  at  which  rrofesaor  Rutherfixd  arm«d,  bat  the 
nlwirillgwief  siimman- comprises  his  iBOSfeiBtaTClliBgresolt?:  drugs 
apfwar  imdoubt^ly  to  exist  which  nar  be  called  hepkbe  BtimuLaots, 
in  A>  br  that  tbey  increase  the  flow  of  nle  in  the  unit  of  time,  and  at 
tbeee  some  exeK  a  powerftd  and  some  oalj  a  ie^de  stimaUuit  kctMNL 
Of  these  dnigs^  some  ate  not  only  chcJigogoe  bat  eoKrt  a  omcc  or  leas 
powAd  stiraafaHBt  aetioa  on  tht  inteKiBal  ^and^  vhile  oihets  bare 
■0  Bcfekm  OB  the  latter.  The  fcUowBig  vell-kwmn  drags  ax«  plrfid 
by  Rutherford  amoa^  the  powednl  hepatic  slimnlaBCS : 

Sotfiom  phaqphate  (i.  a). 
Meffcork  diloride. 


Jalap  fi.  •.> 
Aloes. 

Cbloeyntk  <i  a^ 
S»dw»  hf  aaw, 
8>dw»  iiMrjlili 

The  dn^  in  the  abore  list  to  which  the  lettets  (L  s.>  an 
'    an  poweiftU  mmomI  «  well  w^hefatic 
I aa well  as  jwmBbm haaw  "_' 

withoas  aelion  en  the" 


^«*.r.tja. 
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Calomel,  acconling  to  Rtith«)^»rd,  Rtimnlates  the  iDteRtinal  glands 
but  not  the  liver,  whilat  mercuric  chloride  ia  a  povrcrfiil  hcpaUc 
Ktimiilunt  exerting  but  little  BCtion  on  the  intestine.  The  latter 
statement  must  be  belli  to  oppl^*  to  medicinal  doeee,  as  in  poisonuua 
doses  corrosive  subhmate,  as  is  well  known  to  the  toxioolc^st,  is  one 
of  the  most  powerful  of  intestinal  irritant  poisons. 

"Purgation  produced  by  purely  intestinal  stimulonta,  such  as 
magnesium  milphate,  gamboge  and  castor  ail,  diminiibea  the  secretion 
of  bile."  "When  a  substance — e.g.  podopliylbn— which  powerfully 
rtimulates  the  intestine  as  well  as  tbe  liver,  is  given  in  too  largo  a 
dose,  the  bilc-secrction  may  never  be  iocreaaed,  and  thouph  it  should 
be  increased  in  the  first  instance,  it  is  soon  diminished  as  the 
excitement  of  tbc  intestinal  mucous  mombranc  extends  downwards 
and  implicate!!  a  larger  and  larger  number  of  glands'."  AmongHt  the 
IWUlta  which  Rutherford  obtained  is  to  be  mcntionod  that  he  found 
that  bile,  in  sutHcient  dasea,  exerted  a  cholagogue  action. 

KssMgcbw  Since  the  publication  of  Prof.  Rutherford's  researches, 

^*"**^'  ^    the  action  of  cbologogucs  has  been  investigatwl  anew 

Baihertord.  ^''*''^  ^^^  ■'''  "*''  ^unn"^*  ""^  human  beings  with  pcc- 
manenc  biliary  KstuUe.  For  the  most  part,  tliuse  results 
have  led  to  tbe  denial  that  any  true  ctiolagogues  exist.  Amongst 
those,  however,  who  have  obtained  poaiivu  cholagogue  resulta  is 
Rosenberg*,  who  experimenting  *>n  two  dogs  with  permanent  biliary 
fistulie  found  that  olive  oil,  bile,  and  sodium  salicylate  exert  a  truly 
cholagogue  action. 

From  the  ub<iervatiima  of  Battistini*  on  two  dogs  wiih  pumianeat 
biliary  fistulie,  it  results  that  tmutunin  is  a  utiulagugue  of  very 
decided  activity,  and  his  results  have  been  confirmed  by  Marfori*. 

With  the  exception  of  the  observations  just  referred  to  nearly  all 
others  performed  since  Uiepublication  uf  Rutherfonl's  researches  nave 
led  to  negative  rusults.  lims  Baldi'  in  the  case  of  two  dogs  with 
biliury  (Utulie  found  tliat,  ■miOi  the  exceptivn  of  bile  itset/,  no  agent 
Lniruuuccd  into  the  stomach  or  intestine  affected  tliu  secretion  of 
bile.  Mayo  Rubson*  performed  a  series  nf  experiments  in  his  case  of 
biliary  fistula  (p.  275)  in  the  human  subject  which  seemed  to  shew 
thai  none  of  ihu  reputed  cholagogues  exerted  any  action  whatever, 

'  Bnibcrfnnl.  op.  rit.  p.  XS6. 

*  J.  HownlHtrg,  '  Oober  dia  ofaolAKOKa  Wirkane  d««  OUnaOla  In  Variitoiah  ta  d«r 
WiikuDit  eintgoi  onderen  obalicogsn  >litt«l.'  Hlli^r'a  Jrekte,  Vol  uvi.  (186(1), 
PI),  331— 3*5. 

>  [Utli*tini,  *  P.inflaM  d««  8«ntoninii  An(  di«  G(Jl«nu«aebeidung.'  UnUmt)i-  mr 
t^atiirUI\r4  lun  MoUtfhott,  Vol.  im.  ]>p.  Ut — Ml.  Ab*tncted  to  Malj>'»  Jafuubrriekt, 
Vol.  ST.  (IsM).  p.  Sll). 

*  Mkrforl.  '  Sulls  pretem  uione  oolBfiotik  dellK  SADlaninik.'  .<  luuili  il(  ChlmU*  e  di 
funhocvlojia.  Bar.  4.  Vol.  i.  p.  ISS.  Atwtnoul  k  Maty'*  jMhtetbfriehl.  Vol.  sn. 
(ie»e).|LSM. 

*  Dwrio  B«ldi.  'Btehanhea  *s|><>nnnUl«  nir  U  maniM  d«  Is  stdrtUoti  biluir*.* 
Artltir^t  ilaliennti  di  BUiagU,  IW8,  p.  SH9. 

*  Uhyo  Bobaon,  m.  riX.  ProsMdittft  ^  tU  Jtoytt  SoeUlg,  Vol.  uhl  (1800), 
p.49«. 
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and  PhEchkis*  aw)  NiEsen*  expcritneDting  od  dc«s  «iUi  btlurr  fistt 
(^MjuDttl  Di-gativc  resulu  -nritb  all  cbolagogues,  Uke  hUt  aitme  ejvrptt 
Be«id«  Nissra,  MJtBdeUtMnm*.  MtUler*.  LMw«Dton*  and  GUes*  bai 
in  Dorpat  under  E.  Stadelmaiui's  durectaoo,  dctvmitaed  the  actum  > 
various  mediciDat  agents  on  the  biliary  secretion  of  dogs 
pkte  fistubp  aad  coDsaming  a  ctnisUmt  qtiantitr  of  vtxer . 
feod.     Tbeir  results  are  oMosed  to  those  of  Rutherford  and  tend 
matiTB  the  cxmImioo  of  any  drags  exertiw  w  aettoa  fts  faepal 
•tnwdaBta    AH  ihem  nagatiTe  results  notwiiatUadhig,  we'  _ 

cif  tha  opinioB  that  tbe  experirueuis  of  BSfaiig  and  of  Kutiterfard  ar^ 
mmmmnty  imeatnet,  beeau^  ioveFtisatioM  perforaad  br  «  dtffvrei^ 
aelhod  katv  l«d  toconti»dictorT  rc»tut&    It  has  already  teeu  pointi "" 
eat  that  all  Cues  camhiDe  to  prove  the  exktenoe  o^  the  so-eaU 
eucalatKNi  of  the  bile  and  it  thcrefinv  follows  that  a  nuui  or 
■raaal  from  whose  alimentAty  canal  all  bile  is  diverted,  bv  mcuia  < 
a  I»liar7  fistula,  ia  so  fiir  TeaMT«d  from  the  bivibbI  oonaitiaa 
phannacological  expenments  of  the  nature  of  those  w  are 
cunot  be  held  to  be  quite  eoochwJTfc. 

In  tb«  present  eooditioa  of  the  <pitJtioo,  it  appears  to  the  Antl 
to  be  ifaiMiahtr  that  n  teoevvd  inwerigatina  of  um  anbfect  be 
o«^  with  t^  aid  ef  do^  with  Schtfl's  aapfaaofie  WfiHy  fiacnlK. 
imbs  oblaiiii  il  in  this  wmj  vnold  be  &e«  fiooi  most  of  th» 
tiooi  whioh  eaa  be  adrvwed  against  oheervacioaa  earned  oat 
br  the  mmhoi  af  BOhng  ««]  «f  Bilhwlml.  or  a«  do^  or  ~ 
Imagi  with  penaaaevt  6rttti»  of  the  cfdbiiy  kind. 


SicT.  4.    The  EuMixAxioff  or  Humceiax.  astd  PonoaioCB 
accsrs  IX  nn  Bus. 

It  vw  Orfik.  the  tmuiet  aT  wdi 
[«oihe  faei  thatdbawMgoR^flr 
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up  by  the  liver  ftud  cither  retained  by  that  organ  or  excreted  in  the 
bile,  so  that  in  the  itivestigRtion  nf  caaeH  of  poisnuiDg  hy  urtctiic. 
antimony,  mercury,  cop|)er,  lead  and  zinc,  the  examination  of  the 
liver  is  of  particular  importance.  Copper,  in  panirtiliir.  ban  been 
foiin<f  to  be  an  almont  constant,  though  doubtless  an  adventiliuUB, 
constituent  of  Uver  and  llie  bile,  and  its  presence  ia  to  be  accounted 
for  by  the  fact  that  the  food  of  n>an,  ospoci&lly  the  vegetable  food, 
always  conUuns  traces  of  copper'.  EllenbtTger  and  Hofmeister  found 
002  and  OO^  per  cent.,  of  CuO  in  the  bile  of  the  sheep'.  Zinc  has 
alao  been  frequently  fuuud  in  the  liver  and  tittsncii  of  uunutu  bt-iu^ 
and  ODimals*. 

Claude  Bernard  found  that  sulphate  of  copper,  ioilide  of  potas- 
sium, spiKt  of  turpentine  and  grape  sugar,  wnen  injected  into  the 
blood,  rapidly  paas  into  the  bite.  Amongst  other  substances  which 
are  excreted  in  lliu  bilv  arc:  imUuniutii  clilunitu  (Pn-voHt  iind  Biuet*); 
Skli^lic  acid.  Diakouuw'  shewed  thai  when  indigo-caroiiu  is  in* 
JDCted  into  the  jugular  vein  of  tlii?  rabbit,  alter  the  muthod  of 
Chroutschewsky",  as  well  as  when  it  is  injected  mibcutaneuusly 
or  introduced  into  the  stomach,  it  is  rapidly  excreted  in  the  bile. 
Pei])Kr'  made  the  interesting  observntion  that  in  doga  with  perma- 
nent biliary  fistula;,  when  iodide  of  potassium  was  introduced  in 
large  doses  (5  grms)  into  the  rectum,  it  could  only  be  detected 
in  the  bile  0  or  U  hours  after  the  iujuctioa.  Sodiunt  salicylate 
wtui  found  witJiin  half  an  hour.  Siilphocyanidu  of  potassium  also 
passed  into  the  bile,  but  lieither  potassium  ferrocyauido  not  feiri- 
cyanide. 

Wertheimer'  has  shewn  that  the  sodium  compound  of  phyllnoyanic 
acid,  which  is  an  immediate  derivative  of  chlorophyll -green,  when 
introduced  int^}  the  blood,  is  rapidly  t-xcreted  by  the  bite.  Amongst 
subHtances  which  nrc  not  excreted   in  the  bile  may  be  mentioned 

■  Tbo  Tcadcr  ia  ivbnct)  U>  the  vacMdinRlr  oomplti*  and  intcmrtjoe  Ugmgnpb  bf 
Dr  A.  TMfaii«h,  Vialamar  of  ntanatfMtttvony,  Phmnumey  uid  Tosiaologgr  la  tM 
UaiTtnit;  of  B«ra,  mliU*!  I'a*  Kupfrr  r-m  SLindpunkU  drr  ftHthilieht*  OhrmU, 
Tarlrolofi«  imt  Hj/pif.  StaUgart,  Verlag  ran  FanUnaDd  &aia,  IBOS,  nk  US.  In 
this  work  will  b«  fraod  Aitorwtta  a  oonpleM  aooaniit  o/  tk»  Htaralon  rtuliiie  lo  th* 
dlainLiaUoB  at  ooppn  Uin>u«hoat  the  ammal  aod  vsgeuUe  Idn^om. 

'  SUoibtrsw  ODd  HoAmelflei.  Arehiv  /.  wiitemek.  %,  frakt,  Ttiierhfillmml<, 
IU8,  p.  IS6.    Qnoted  lir  TMhirah,  op.  cli.  p.  19. 

■  0.  LMlMttm  ftud  F.  BtlUni)'. '  Sur  la  pt«wcw«  du  sina  iImu  le  «orp«  d««  utituui 
•t  duu  Im  vif^tMii.'  l'-omptt4  lUnilia,  Vol.  uxcit.  p.  <U7.  K.  Baonlt  and  H.  BrMon. 
■  Sot  U  nrAMDoe  ordluatra  dn  cnlrrc  ct  dn  linsdau  Ic  coqM  da  Itiomme.'  Comfit* 
Rttidia,  Vol.  nuv.  p.  *0. 

'  frfirtMt  atiil  Uinel,  '  Kci^hcnibtia  eipirinuMklM  ralaiiraa  k  I'Mlioo  d«  tiiMl«> 
menu  nir  la  H^r^limi  biliain  ct  k  leur  ^Liminatioi)  par  Mtte  aferdtlon.'  Jfenic  mMl- 
tiUedtUi  Sniitt  TvnaHd4.     Nq.  S30.  31m,  ISlfS. 

'  Ufakooow,  ■  Ij'eber  du  VerlioJUn  der  In<tllK>M!bttcfl^Mla^a  tm  t]il«ri*elMn  Ofgao- 
iamui.'     Hoppe-8«yWs  Mett.-elten.  Vnteriti*luiHj/en,  Budlii,  IHHF,.  pp.  'J15"25L 

*  CliraniMliowikj,  Virotiani  A/ebir.  IWI. 

'  E.  P<*p«i,  '  LnUmtuii;  Ttin  Amu-iiniliabi  tiu  d«m  Hluu  in  dla  Uallc  naoh 
R««ofptiofi  von  der  Uaaldamwcltlrinibaat  ana.'     X*H»tiinJt  /  kUn.  Ued.  ToL  n. 

*  M.  B,  W«rlh«iD)«t,  *  8iu  ItUntiuatioD  par  la  foi«  da  la  iMtUt*  oolaraote  rart*  daa 
*<r]t^ut.'    AKhit^  d*  Ph^,H>h9it,  Jaa,  IW8,  pp.  194— IM 
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the  following:  alcohol  (Mosler) :  acropia,  muscarin.  strychia  (Frdroet 
and  Binet):  Kturin  nnd  aatipyriQ  (Provost  and  Binct). 


Pauoffe  of  patkogenic  micro-organiatm  iitto  the  bUe. 

The  Dortnal  bile  is  sterile  (Gilbert  et  Girode)*.  "At  a  time 
when  every  drop  of  the  circulating  blood  is  teeming  with  micro- 
organigms  there  may  not  bo  the  slightest  transit  of  them  into  the 
urmaty  aod  biliary  fluida  then  accreted "  (Sherringtou*).  On  the 
other  haud.  &»  the  rusearch^  of  »  number  of  observers  have  conclu- 
sively proved,  when  patbogonic  orKaniiimji  vxUt  in  the  blood  they 
tend,  after  a  time,  to  pass  into  the  bile  and  utioe,  'and  their  escape] 
into  the  secrota  is  sometimes  accompanied  by  the  c«c&pc  of  acttuU 
blood,'  sometimesi  by  the  appearance  of  albumin,  although  blood  be 
absent.  Sherrington  is  of  the  opinion  that  in  the  normal  conditioa 
of  the  hejiatic  and  renal  membranfis,  a  paftsage  of  micra-organisma 
tbrou(;h  them  cannot  occur,  and  that  it  is  in  all  probability  only  after 
the  soluble  poiiions  produced  by  the  infection  have  had  lime  to  act 
upon  them  ttsat  the  membranes  become  pervious  to  germs. 

The  fullowing  micro-organisms  have  boon  found  to  make  their 
way  into  the  bile: — thu  bacilltia  of  glandunt,  B.  mallei  (FerrarCKi  and 
Guftrnieri) :  the  bacillus  of  typhoid  fever,  B.ttjphi  aMomiitalis (Tr&m- 
buBti  and  Maffucci):  the  spirillum  of  cholera,  B.  choterm  asiaUcfS, 
(Nicati) :  B.  coK  commune  (Blaelistein):  the  bacillus  of  anthrax,  B. 
antkracii  (Oemler,  Stratia  and  Chamberland,  Sherrington):  Stapliy- 
looocciu  pyogenes  aurettg  (Pemice  and  Scagtiosi) :  B.  pyoc^am«4\ 
(Pemice  and  Scagliosi,  Sherrington) :  Friealander's  pneHmococcii'S 
(Pemice  and  Ales^i,  Slierriogtonj:  B.  murisepticua  (Sherrington)', 

1  Oilbut  et  Oirade-  Compta  itendiu  de  fa  SocUti  tU  BiohgU,  1890,  No.  89.  and 
1991.  No.  11. 

)  C.  H.  HherriORton.  ■  Kxpennit'nta  on  the  Monpo  ot  bMteriA  with  tho  •MTctioBn,* 
tbipricU'J  (nt'in  Tlir  Journal  af  PalhiiUipy  and  Siactrrialojfy.  Edinburgh  knd  Ijondwi, 
Youni,-  J.  iViiUanci.  Frli.  \ms'. 

'  Thd  rcfcmtinw  to  nil  th*  KuUiaritJtai  hnrc  r?r«rr(iil  tn  will  be  [ound  either  in  Sher- 
rioKhMi'ii  p(k]»T  or  nt  pKRC  47  of  Nnunj-n'*  Klinik  drr  ChoMlthfiuia.    Leipzig,  lBtf9. 


CHAPTER  VII. 


THE  FORM,  RTRTICTURJE  AND  CHEMICAL  COMPOSITION 
OF  BILIARY  CALOULL  CHOLELITHIASIS  AND  THK 
THEORIES  ADVANCED  TO  EXPLAIN  IT. 


Sect.  1.    The  Frequency  of  Oooi;brence,  the  Form,  tee 
Classification  and  Stuuctube  of  Gall-stones'. 

In  a  prececling  Chapter  of  thU  Book  we  have  already  referred 
incidentallj  (see  p.  316)  to  biliary  calculi  and  have  pointofl  out  that 
one,  though  nnicu  the  lesa  frcqucHl,  vurwiy  contuiim  couBiderable, 
ijuatttities  of  the  compouud  of  bilirubin  aud  calcium,  nearly  always' 
mucil,  however,  with  more  or  less  cholcatetin.  and  cotitoiniag  small 
quantities  of  little  investigated  derivatives  of  bilirubin.  A  secood 
variet;  in  compoeed  almost  eattrely  of  cholesterio. 

Though  biliary  calculi  may  he  found  in  the  iutra-hepalic  biliary 
ducts,  much  the  larger  number  occur  in  the  gall-bladder,  and  whure 
calculi  are  founJ  m  tht?  cystic  or  common  bile-duct  they  have 
almost  invariably  migrated  from  their  aeat  of  formation  in  the  gall- 
bladder. 

Frsqnenoy  of  The  frequency  of  the  occurrence  of  biliary  concre- 

B^bOT^r"^  tiona  k-d  the  great  French  pathologist  Cniveilhier  to 
remark,  'La  production  des  calcules  biliaires  est  une 
des  lAiions  le.i  plus  communes  de  I'esp^e  humaitie*'.  Charcot 
illustrates  the  accuracy  of  Cruvcilhior'8  .■ttatoment  by  telling  us  that, 
in  hia  experience,  in  about  one-fourth  of  the  autopsies  of  the  aged 

'  Marly  httlory  0/  Oitl-*lonet.  Onll-HLoncii  iron  Ural  noticed  In  tho  yut  1504  ij 
J.  EoutmBOD,  of  DrviKloD.  n-lio  ct'CiimuubaU'd  hji  obwrvAliana  to  Cvund  Geun«r,  wIm 
mUm1i*iI  tliom  in  hU  vnrk  nititlnl  l>r  mnniutn  fvrum  fitfiiitim  gemirt,  TJgnr.  I5SS>. 
Amcmevt  tho  enrlier  uMiuriLte  abMrv«ra  of  gkll^WnM  mra  VmuJIoi,  FallapiuL  OliiwoiL 
Sydrnbftm,  Doorhavc  vti  v*n  tiwiaUn.  KkuvatOM.  Tha  lint  etunioKl  euuninntian  of 
K&]l-sUine«  vta  made  bj  UalMtti  (Ctrnimmnt.  Aead.  SaUnt.  Honan,  llis.  I.  1.  p.  851). 
t'ourcraj  uiil  Tbumid,  kIUt  illioavminH  oIlolMtaria,  nitiln  lh<i  llrnl  tvttWy  aoieutlflc 
euuuiiuitiuii  ot  liliur  Mncrationa.  Tha  taM  lh*t  Uw  oolciirint;  rmitlvTs  at  l>ilc  in 
Vitikij  oolooli  an  eorauiiad  wilJb  caletiim  ma»ilaoarmi  hy  Ittniatoa.  i'lr  tvtvt«M»i 
cnil  other  infonnatian,  041  tb«  niUwl  of  lh>  bUloty  of  nll^tAne*  tbo  teiAat  ia  T«(«rp 
to  PMrieha.  Klinik  if.  r^tUrkreinkfu-lUn,  Vol.  n.  pn.  IM  titil  Ml. 

*  CtUTsilhier.  TraiU  J'ttiuitimlf  pilhohitl^ia,  L  11.  p.  IDT,  j 
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Women   dyug  in   the  gre«i  hospital  of  Lft  SalfMftribrc,  concretion!) 
have  been  found  tn  the  gull-bliuluer'. 

The  number  of  caJeiili  which  ore  found  in  the  gall-bladder  varies 
fny;atlT.  OccAsiouaJly,  thougb  rarely,  &  single  calculus  is  found, 
though  mere  conimonty  the  number  varies  between  5  and  30.  As 
mnny  as  300Q  ralruli  were  found  in  one  g&U-bladder  by  Morgigui, 
mid  781>2  by  Otto  (Breslau  Museum). 

w^ft"!  However  few  or  numerous  the  calculi   contained 

^"■f*^  "'    ia  a  gall-bladder,  uaually  they  all  po«ae»8  the  same 
chemical  oomposition,  the  came  structure,  the    same 
volume,  the  Name  colour.     Efxceptioiu  to  this  nile  are  rare. 

The  size  of  biliai}'  calculi  varies  greatly,  the  average  being  aVxit 
tke  sue  of  a  haxel-uut.  Meckel  described  n  bilian*  calculus  which 
was  \S  centimetres  loi^  and  6  broad,  and  wbico  only  weighed 
30-3  grm». 

When  biliary  calciiU  occur  singly  they  are  rounded  or  ovotd. 
When  they  attain  a  very  targe  size  Ihey  are  pjiiform,  as  they  mould 
thcmsttlvuft  to  the  shape  of  the  cavity  iu  which  they  are  fortned. 
Hattiph?  calculi  usually  exhibit  facets.  Tbe«e  tiueu  are  produeed 
by  the  mutual  pressure  of  the  coDcretiotis  one  against  tAe  other 
whilst  tliese  are  of  yet  soft  ooosisteoce,  and  not  by  a  process  of 
attrition. 

The  oolour  of  biliary  calculi  prevents  great  Tarietrea,  Those 
which  arv  ivmposed  of  nearly  pure  choWterin  are  throaghout  white 
and  S(imctime5  tnnqiarent.  Others,  which  are  abo  composed  of 
choleslehn,  poowas  a  more  or  less  coloured  attd  opaqae  «xt«n<K, 
which  IS  sometimes  yellow  aud  sometiiues  greenisa.  The  cdout 
depeods  eepocialh^  om  the  prceonce  of  particular  st^[es  of  oxidatiott  d 
the  biliarr  colouring  matters. 

KUarr  culculi  have  a  verr  low  specific  gravity,  which  is,  bow^ver, 
al«my^  higher  than  that  of  ^-ater  or  bile.  Soemmering  aad  tone 
other  authors  bare  &llen  into  error  in  aasatiDg  that  bUtarr  caleaB 
oecasionally  6<«t  in  water  a&d  hile.  When  reoent,  biliary  ealcnh 
always  sink  in  these  ttqnids.  SometiBMiv  boverar.  bitiarT  calcati 
are  ftmnd  in  musratns  which,  hariar  heeona  dir,  Bott.  If  these  u*. 
btwerer.  pJunged  in  water  oc  Ule  nr  tooie  Umb,  bsihUea  of  atr  an 
Men  lo  rase  and  the  cakahtt,  aajutniig  its  evigiDal  deoa^.  mnks  to 
the  boCtum  of  tbe  liquid. 

■rawmi  li  "As  a  rat«,  btliai;  oiiovli  [wtemt  O)  *  eestnl 
**^***'*'  Bvcieas:  iS)  a  Middle  mm^  which  b  in  gcaeial  com- 
pond  vi  M>lii}Je  ooDocBirie  hwdli,  faniad  bj-  radiatii^  errstalliiM 
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p^iBQiidal  niiiMes  of  chuIeHteriii :  (3)  n  laminated  external  layer  or 
flfiell. 

"The  nucleus  cominoDly  presents  a  brownish-black  or  creeiiisli 
colour,  and  its  usually  turaicd  of  a  combioatiuu  of  biliary'  -pigments 
with  calcium.  The  nucleus  is  sometimes  solid,  sometimes  liollowed 
03  a  result  of  a  proce&s  of  detticcalion,  iu  which  case  a  more  or  loa 
sLibdiviiled  cavity  exists.  Sometimes,  the  nucleus  cmitaios  concrete 
mucus  (Ch.  Robin,  Frerichsj,  or  ahrivelled  epithelial  cells  (Frerichs). 
Finally,  the  nucleus  h&s  sometime'!,  thomgh  very  rarely,  beun  found 
to  contain  foreign  bodies,  the  existence  of  which  Crumlheir  in- 
correctly denied.  In  the  famous  often-quoted  ease  of  LobiiteiD, 
which  he  figured  in  the  Atlns  accompanyinff  his  Traits  d'Anatotnie 
Patholoffique,  a  desiccated  Ascurut  lumbricotdes  formed  the  nucleus 
of  the  calcolii?.  In  the  subject  which  furnished  this  calculus,  thirty 
other  ascaridca  were  fuimd  iu  the  biliary  passages. 

"  As  examples  of  foreign  bodies  constituting  the  nuclei  of  biliary 
calculi  may  be  cited  the  following : — (] )  the  case  of  Nauclce,  in  which 
A  needle  two  centimetres  long  formed  the  centre  of  a  biliary  con- 
cretion of  the  size  of  a  walnut;  (2)  the  case  recorded  by  Buisson, 
in  which  the  centre  of  tlie  luiclens  c0QHtat(--d  uf  a  small  BgEr^A^oo 
of  blood ;  (3)  n  case  recorded  by  the  »aniu  obsurvcr,  id  vnicb  the 
nucleus  of  a  biliary  calculus  in  nn  nx  was  formud  by  b  Distoma 
hepatieum;  (4)  f  would  remind  yuu  of  rli(>  fiict  tliat  Thudichuni  has 
found  the  nuclei  of  a  certain  number  of  biliary'  calculi  obtainetl  from 
ihe  same  gall-blndder  to  be  formed  of  branching  6tainpnt.s,  cviil«utly 
representing  moulds  of  the  interior  of  small  iutra-hcualic  biliary 
ducts  and  n-hich  appear  to  have  played  the  part  ui  centres  of 
formation  of  thu  concretions*. 

"Little  remains  to  be  Btud  concerning  the  structure  of  the  middlo 
layer  of  gall-stones.  This  layer  is  usually,  sn  lia^  Wen  prvviuiKtly 
(^t'at«d,  ooraposed  of  crystals  of  cholesteriii  and  presents  it  radi'ited 
aapcct.  Sometimes  the  radiation)*  are  interrupted  by  concentric 
striw  or  layers  which  cut  the  crystullioc  pyramids  perpendicularly 
to  their  long  axis.  Thu  middle  layer  is  uither  quite  white  or  trans- 
parent or,  on  the  contrary,  more  or  Ivss  coloured.  In  the  latter  case, 
i.he  biliary  pigment  has  intemiingleil  in  varving  proportions  with  ihe 
cbolesterin,  wnich  in  the  former  case  waa  free  from  it.  Rarely,  the 
middle  layer,  thougii  compmw^l  of  cholesterin,  prvReuUi  a  i^"npy 
uniform  aspect,  without  stratilication  and  without  any  evidence  of 
crystalline  structure. 

"The  laminated  external  shell  is  obsi>rved  in  the  larger  number 
of  rases.     Yet,  as  has  been  stated,  it  is  sometime>>  absent.     In  sucli 

'  Tlw  Mcoraej  of  UiU  ulworratioa  U  danlad  bjr  Nsuiiyn.  •ThmUataum  hat  WMupMt, 
dM«  aieh  In  dem  Ceiiinuu  .Irr  nMuun  BkMngalleiMlaiw  AbifllMe  van  Lsbatgukn. 
RiiafioD  nuileo.  Ei  nuintv,  Anm  diow  OsUengMUKyllndn  oewiniBUBh  duo  EljVtalU- 
(«lii)utkMn  Tilr  ili«  Qftll«abli«noaiioraBmii«  liildctan.  KMk  •Uu  AWiDduiigea,  dia 
Thuilieliiun  vod  •eiacn  OaUvofptngKj'ltiiiloni  f;iel>t,  kiuia  i«b  aui  M0M.  Am*  Ick  d» 
nU  jmhai  bsbo.'    KlinU  d.  CMtiitkiatU,  p.  4«. 


380 


BILURT  CALCULL 


[book  11. 


of  bUlAIJ 

oilculL 


cases,  the  basos  of  the  crystalline  pyramids  projoct  to  the  very 
external  surface  as  mamtnillatecl  protuberances,  nlien  an  exteroal 
layer  exitits,  it  ia  alinut>t  always  very  clearly  distiuguiahed  from  the 
middle  zone,  by  its  colour,  ita  stratified  appearance,  and  ita  cen- 
sistenca  It  is  sometimes  composed  of  cliolesterin  arraoged  m  thiu 
layers,  which,  when  seen  in  sectiou,  appear  to  be  separated  by  stria: 
of  biliary  pigment.  Ir  other  caiies,  the  external  layer  is  due  to  the 
compound  of  biliary  pigiucnl  aud  calcium  forming  one  or  e<veral 
layers  of  greater  or  lej«  thiclcQexe  and  possensed  of  a  brown  or  green 
lour,  finally,  the  external  layer  nmy  present  strata  of  cakium 
boaate  «eparat*id  by  pigmentary  depoBita'." 

ttkoaya'i  Xaunyu,  in  his  moDOgraph  on  chotclithiasis,  adopts 

oLuaiflutioa  the  foUowiug  class  iti  cat  ion  of  biliary  ealcuU  :  (I)  pure 
cholesterin  calculi;  (2)  stratified  choleetenn  calculi.- 
(3)  the  common  biliary  calculi,  that  is  the  usually 
yellow  or  whitish-brown  calculi  which  are  found  in  considerable 
Dumbeis  iu  the  gall-bladder,  which  commonly  are  facetted  and 
are  often  of  a  soft  or  friable  consistcm^n,  when  first  obtained  ;  (*)  the 
mixed  bilirubin -calcium  calculi,  which  occur  singly  or  to  the  number 
of  two  or  three  iu  the  gall-bladder  or  the  large  biliarv'  passages  and 
which  when  multiple  may  prcHeut  facets.  They  ore  either  oompoaed 
entirely  of  a  reddish-brown  or  dark-brown  maas,  or  they  poaaose  a 
central,  laminated,  cholesterin  oucleus.  Even  thoAe  parts  of  the  atone 
which  api)ear  to  consist  almost  entirely  of  bilirubin  contain  as  much 
as  25  per  cent,  of  cholesterin :  (5)  pure  bilirubin-caJcium  stones. 
The«e  are  never  large,  varying  from  the  size  of  grains  of  sand  to  that 
of  peas.  For  the  most  part,  they  have  the  consistence  of  wax.  though 
a  variety  occurs  which  is  harder;  the  latter,  which  are  usually  verr 
minute  and  never  larger  than  peoa,  arc  of  a  htccl-grcy  or  btackin 
colour  and  possess  a  metallic  lustre. 

The  small  calculi  are  composed  in  great  part  of  hilirubin-cslciam, 
though  they  always  cunloiu  biliverdin-calcium,  besides  biUfuscio  and 
hilihutniui  they  very  rarely  cootaiii  bilicyauin.  Tho  calculi  belongioi; 
to  this  class  contain  very  small  «|uai)tities  of  cholesterin;  sometiuiv 
barely  recugnisable  traces, 

{*>)  Rarer  forms  of  biliary  onlcnli,  which  include  some  already 
referred  to  in  Charcot's  description,  vis,  (a)  amorphous  aud  imper- 
fectly crystallised  cholcstcnn  stones  of  small  size:  (6)  calculi  cod- 
taiiiing  calcium  carbouato.  This  Kalt  is  often  present  in  laige 
quantities  iu  addition  to  hilirubiu-calcium.  Naunyn  haa  oflen  fouDd 
the  nucleus  of  the  cotnmna  gall-stones  to  be  compo.scd  of  agglomert- 
tions  of  spheres  and  warty  masses  of  calcium  carbonate:  ^e)  cob- 
cretious  with  heterogeneous  bodies  as  a  nucleus,  or  concretions  which 
may  be  termed  conglomerate  stones  :  ((f)  casts  of  the  hepatic  ducts* 

'  ChiiTcuL,  up.  ril,  p.  123  n  «fl. 

'  0.  NKiini-D.,  A7i>i/ilc  dtr  ClviUlitliUirU  (Mit  3  fsTbieen  ond  3  liohtdroek  TsUii> 
Lcip/,ig.  Vtilsg  voD  F.  C.  W.  Vogel,  WM.    Ih-fcr  w  p.  1— C.    Tbe  AiuhorvUMli 
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"The  piire  bilinibin -calcium  stones  are  found  not  only  in  the 
gatl-bladder,  but  nl.io  in  the  intra-hepatic  ducts.  The  liabitual 
tenants  of  the  gall-bladder  are  the  common  mixed  choleiiterin- 
calculi  "  (Naunyn).  It  is  to  be  not«d.  however,  that  small  concretions 
of  pure  cliolest«rin  may,  and  do,  originate  in  the  iutra-hepatic  bile- 
duels. 


Sect.  2.    Enumeration  of  the  Constituents  as  yet  found  in 

aAIJ.-ST0N£3.       The    PlGUBNTS    WUICU    ARE    ONLY    POUND    IN 
GAU/-STOSES  (BiLirUSCIN   AND   BlUHUMIS). 

We  have  already  releired  to  the  fact  that  cholesterin  and  the 
caldum  compound  of  bilirubin  constitute  the  most  important  con- 
stitueotfl  of  biliary  concretions,  though  the  Iatt«r  is  often  mixed  witfa 
considerable  quantities  uf  calcium  carbonate. 

In  addition  to  bilirubin  in  combination  with  calcium,  calculi 
which  contain  this  compound  may  contain  biliverdin,  bilicyanin, 
choleteliD  and  imperfectly  known  bodies,  described  as  bilifusctn  and 
bilibuniin,  which  arc  also  for  the  most  pan  combined  with  lime. 
The  bilirubin -calcium  caIcuU  nearly  always  coutaio  copper  (which 
Naunyn  thinks  probably  existH  a«  a  bilirubin-copper  compound), 
besides  inm.  Frerichn*  examined  and  dt-acribed  calculi  of  bilinibin- 
calcium  which  containeil  globules  of  motallic  mercury,  and  his 
observations  on  this  point  have  been  con5nned  by  several  obsen'ers 
(Beigel*,  Locartone',  N'aunyn*). 

It  is  to  hv  uol«d  that  neither  free  bilirubin  nor  the  salts  of  the 
bilo-ocids  occur  in  gall-etones;  the  traces  of  thunc  liubstancca  which 
are  discoverable  are  derived  from  the  bile  with  which  the  gall-atones 
are  permeated. 

lu  nue  cfuos,  biliary  calculi  have  mode  their  way  into  the  urinary 
paasagee  and  uric  acid  has  then  been  found  as  a  constituent'. 

Similarly,  when  gall-stones  have  sojourned  for  some  time  id  the 
intestines  they  may  ne  coated  with  phosphate  of  calcium  and  mag- 
nesium, aa  well  as  with  calcium  carbonate*, 

sdUKivMgS  hia  gremt  indebtodneH  to  thin  able.  iDUmtitiR,  asd  odminblj  llluitnUid 
mrk.  tb«  kppwinuice  of  wbicb  liii  marked  a  now  era  in  our  knowltdx*  of  ebol*- 
lllbiuai*- 

<  Finiobs,  Kliitik  d.  Ltbtrkrankhfiun.  Vol.  it.  pp.  474  fcnd  475. 

*  Brig^  Winer  med.  H'oehnitehr.  IS5I>.  No.  1ft. 

■  LaaarMria.  Oautu  mid.  dr  {"iriA.  wn,  qnoud  by  Chvoot,  op.  eii.  p.  lai. 

'  VivttBja,  •  So  b«aohrieb  i'nriolifOaUcaieooaancate  (die  loh  tlbil«iw  selhst  inHf* 
aaolMB  kooDla)  weUha  am  QaUoDbilMlaSkalk  baataaden  and  nfiluiMi  mstalllwhwi 
Qoeokailbon  CDthielteo,'  loc.  eil.  p.  T. 

'  UutcrWil:,  lierlia.  ktin.  Wodu-ttchr.  1971,  Nm,  49  *d<1  51,  and  Viwiltow'ii  Arfhir, 
Vol.  Lxvi.  (I8TS).  V.  a7B.  Th«  readM  U  nferred  to  an  a«i!oiint  of  tho  liuntan  of 
una  of  thin  kinil  in  th«  iMinnd  wiitk  bj  t^faaaor  CourvoiMcf  of  Hanat.  entitled 
CtWtiftUeh-ilatifti^lu  t<fitragt  tur  Pulliotajrie  und  Chimrfit  der  Oalleiart^,  Ldpxlg. 
1890.  Tba  catM  jwt  nocndtd  will  b*  found  at  pag«  &A2.  vtSei  Ui«  hcadiag. '  DlcoatiTG 
PwfoimtiotMio  d«r  GaUamnm  In  die  lUnnrage.' 

■  CJuifiot,  (v-  eft.  p.  IIB. 
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BUifusoin  C„H^,0,? 

By  tliU  name  Stfiileler'  (lestiffuated  a  constituent  of  ^ll-stowrs 
whicli,  cunlraaled  with  bilirubin,  is  very  spjiringly  soluble  in  chlom- 
fonu,  but  18  8<)luble  in  absolute  alcohul.  Whuo  bilirubLa -calcium 
gall -stones  have  been  treated  with  hydrochloric  aciii  ami  then 
extracted  with  chloi-oform  («ee  page  316),  the  first  chloroform  extratt 
contains  »oine  bilifuscin.  When  evaporated  to  dryuesM,  the  residue 
yields  the  latter  itubatance  to  absolute  nlcohol.  The  greater  part  c( 
the  bilifusdn  is  to  be  found  in  the  residue  from  which  chlarofonn 
has  extracted  bilirubin.  If  this  be  dried  and  ti-eated  with  absolate 
alcohol,  thi>  latter  disHulves  bilifuscin.  The  solution  is  evaporated  to 
drjiiess,  f.-xtract<rd  with  boiling  water,  and  the  insoluble  residue 
^iu  dissolved  in  as  small  u  (|uaulity  as  poBsible  of  nbanlute  alcohol 
from  its  anlution  in  the  latter,  the  colouring  matter  is  precipitated 
by  the  atlditioo  of  large  qiiantitien  of  ether.  It  \*  sg^iu  dissolved  in 
alcohol  and  the  solution  evaporated  to  dryness. 

Bilifnacin  is  deacribed  a«  a  dark-brown  body  easily  soluble  in 
alcohol,  gla<:tal  acetic  acid,  and  sutuiious  of  the  alkaline  nydratfift.  It 
is  eparinjftr  soluble  in  chloroform  and  is  insoluble  in  watur  aad  ttliet. 
Its  mIuHuuh  are  brown,  witli  a  Khade  of  olive-greeu.  Its  unmontacal 
sohttioD  is  precipitated  by  calcium  chloride,  Insoluble  brown  ttakcs  <l 
bilifuscin •Gilciiim  being  ohtaineil.  Bilifu.scin  does  uot  uxhibit  Otnelia'a 
""    ction. 

BUihumini 

By  this  term  is  designated  the  insoluble  colouring  matter  vliidl 
is  leti  after  decomposing  bilinibin -calcium  calculi  with  dilute  hydlO- 
chloric  acid  and  extracting  with  cblorofonn,  absolute  alcohol  Bud 
ether.  The  body,  which  is  doubttess  a  mixture  of  dertvmiives  </ 
bilinilMn,  does  uot  exhibit  (Jmelin's  reaction. 

Naunyn'seenw  to  consider  bilihumin  to  be  almoet  a  characteristic 
the  small  biliaiy  calculi  which  tnlce  their  origin  in  the  intn* 
hepiitic  ducl»,  and  nhich  are  to  he  distiu|:uished  from  concretioot  df 
iuBpiiwaied  bile  by  their  containing  the  higher  oxidation  producii  of 
the  bilo-colouring  tnatt«r  <to  w)t,bt)iverdiu.bilicyauiu  and  cholettthBl 
as  well  as  bilihumiu-like  bodies.  It  is  very  hard  to  understond  bow 
oxidations  can  take  place  n  itbiu  the  hepatic  diicta. 


BUipnmn  Tt 

The  colounng  matter  described  under  this  tuuno  by  Stiidder  ii 
believed  to  be  a  mixture  of  bilifuscin  and  biliverdiu. 


Vol.  cnxn.  {ISMK  m.  833  et  Mf . 

'  Nftuoyn.  'Pit  Kntttebnng  dar  Bilitabis-KftlkiUiBebMt  in  den  (JBUmltaMB  ^ 
*—  •    Of.  ctl.  p.  n.  " 
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Bilici/amn,  Choleteliii. 

According  to  the  obaervatious  of  Heynsitut  sud  Campbell,  which 
have  bet-n  confirmed  by  eubeoqueot  ohacrvors  (Naunyn),  the^c  two 
bodies,  which,  aa  w«  have  si-cii  (pp.  32S — HHQ)  biv  prwUict*  of  tiie 
oxiiiation  of  bilinibin  and  biliverdjn,  occur  in  certain  of  the  biliary 
concretions  of  man. 


^^^     Sect.  3.    The  Mode  of  Formatiok  of  Qall-stones. 

W  It  IB  a  coraiDOD,  indeed  a  general  belief,  among  those  who  have 

■  tkvoted  the  greatest  tliougbt  oud  study  to  the  eubjuct  of  cholc- 
I  Uthtattis,  that  all  circuinHtatices  which  teud  to  hinder  the  Bow  of  bile 

■  tJavour  the   formation  of  gall-stonoti,  and,  indecid.  that  a  retanled 

■  movement  of  bile  is  an  essential  condition  to  tite  formation  of  these 
concretions,  It  is  obvious  that,  c»(f(*m  ixiribui.  the  liver  »TiU  be 
lapidly  and  etfectively  drained  of  its  bile  in  proportion  as  the 
re^iratory  movements,  especially  the  diaphragmatic  and  abdominal 
reBpirstur}'  movements,  are  active,  and  conversely  tliat  all  couditioni 
which  tend  to  limit  the  respiratory  movemcDts  will  tend  to  a  stasie 
of  bile  in  the  intra-hcpatic  biliary  duct%  The  remarkable  frequency 
of  biliary  concretions  in  women,  as  compared  with  men,  has  been  ex- 
plained "( Naiinyii)  by  the  fact  that  their  reapiralon*  movements  (cistal 
type  of  re*piration>  are  less  favourable  to  the  compre.«ision  of  the  Hver 
fuid  ttie  emnx  of  its  bile  than  the  characteristically  dianhmgniatic  type 
of  respiration  in  man ;  that  pregnancy  mnst,  of  neceaHiy,  by  impwUng 
io  a  remarkable  extent  the  diaphragmatic  and  abdominal  respiratory 
movements,  greatly  increase  the  t«ndcuc}'to  biliary  sta^iis,  n  tendency 
perhaps  aided  by  other  couditions  which  specially  aflect  women,  as 
».g.  tight  lacing  and  sedentary  oocupacious. 

Ill  OD  inT«8tigfttioa  canied  out,  at  Naunyn's  loggMtioD,  Sehroder'  in 
thi!  pntbolugicHl  instiiutM  of  HtiBsaburg,  found  gaU-sboocH  in  4  '4  pjf  of  all 
mftl«  subjects  uid  lO'Q  of  all  female  subjects  whoso  bodies  were  exumuit^L 
Among  11.5  f«iaalQ'BabjecU  with  gatl-stonoa,  99  bad  wU/t  eerbtiKly  Itome 
children  I 

The  frequency  with  which  gall-fltone«  aro  found  in  the  gaIl-bLadd«r 
iucreases  remarkably  with  age,  aa  in  ahewn  in  the  annexoit  table, 

vhich  exhibits  iiJchroder's  results 


I 


>  ftchrtklvr,  qaoled  bv  Natrnyn,  KtMk  Ait  CholeUthl<%ii*^  p.  87, 

vim  93  pultlioiit.' 


SelirAiln.  SinMbiifm  OocMcDbMn.  Wird,  l^-i, 
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Agn 

Nnmbar  of 

Nnmber  of  bodies  ia 

PtfoeDtaga  of  utfopfM  in 

Aut<l|itj«« 

wliioh^l-aMtivefoaDd 

0—90 

SS 

s 

3-4 

ai— 30 

188 

6 

32 

Sl-40 

309 

34 

n-s 

41— W) 

2S3 

28 

IM 

51—60 

16) 

16 

9-9 

60uiilov«r 

S&8 

S3 

23-2 

This  iDCxeiMe  in  the  freqtieucy  of  the  occurreoce  of 
vid  people  ))M  boon  »ippo«ed  by  »onie  to  be  dae  to  tStsir  bQe 
udtiing  Ml  excem  of  chole^terin,  but  this  eiplmation,  as  v£D  W 
nibwmwiatly  ugned,  is  ao  unt«Dij>l«  one.  As  we  advmDceB  aad  tfce 
musninr  actiritr  of  the  body  diminishes,  as  the  habits  became  tmatt 
anvl  DUX*  MdeBtMTv,  the  mpiratoty  aettrity  will  Mrtainlr  be  ^mm- 
alied.  If.  thea,  tmn  be  an/  tnitli  m  tb*  view  that  the  finer  it 
npidlf  aad  ^SbetixtXy  dimiacd  of  ite  bile  in  pivportm  m  thr 
nqaxakoiy  ■wwiMrta  «*  active,  and  that  a  riow  aaacscKfc  «(  tfct 
hiW  it  a  prawn  eowfitrnk  lor  Um  fonaatton  vf  pA-mmm,it  wfll 
foOow  that  in  om  i^  cmm.  at  least,  of  the  umjJJttaaa 

Bat  ths  tniiil^tiuM  «r  CfcttoaK  nd  Kum'  few  An 
Am  VMbiyvd  whcmt  OnB  wUek  one  a  Aa  «ali  af  the 

S;q  yJay  wwatkaMe  trayjy  »  «M  ig^  s»  Aat  tW 
rftfca  iHWiImm  of  My<^B»t^tefc»wbft  filial  ^ii 
r  Am  at  Mcber  panada  ef  lb-    Tta^  iiiihapk  ^»  i 


a    Kia 
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ori^D  Aod  separation  of  cholesteriu  aud  tbe  calciuiu  compound  of 
bUinibin. 

As  has  previously  b«en  stated  (p.  339),  choleitteriu  is  cliielly  held 
in  Boliition  in  the  bilo  by  the  alkaline  salta  of  the  bile  acids,  though 
(he  Dc-iitml  fills  und  blie  alkaline  italts  of  the  fatty  acids  also  posses 
the  power  of  diasulviu^  considerable  quantities. 

EVom  the  ex[:ierlnieiiUi  of  Happol',  recoi'ded  by  Niiuujii,  aodiuui  ^lylco- 
chelate  or  taiirocholate,  wlien  exUtin^  in  soluCiaas  ootit&inin];;  from  0*2  to 
2-5  [Kir  ci-nt.  of  these  bottiea,  arc  nble,  tA  tcuijje futures  of  37° — 3?*C., 
to  duutolve  about  one-tenth  of  their  weight  of  oholivitvriii.  Snap  in  dilute 
Bulutions  is  able  to  dienolve  about  half  ita  owd  weight  aiicl  olnin  diMiolTtA 
0  p.e.  of  it«  w«ight  of  tbolvsteriu. 

Bilinibin  and  calcium  both  exist  in  the  bile.  The  former  appetn 
to  be  hull!  in  :sutution  by  the  nlkaline  i^alu  of  the  bile  acida  whiHi,  in 
adiiiliou,  posseits  the  p<>w«r  of  hindering  its  precipitation  by  calcium 
salta,  uriloHa  these  are  added  in  great  excess  (Naunyn').  The 
addition  of  albumin  to  a  solution  of  xodium  glykoeholate,  holdiug 
bilirubin  and  calcium  salts  lu  Hulutiou,  caused,  however,  a  separation 
of  the  irLsoIubte  calcium  and  bilirubin  oumpouud  (NaunjTi*). 

frvriotia'  Frertcha  assumed  that  a  stagnation  of  bile  in  the 

tnwjTT  or  bbe  gall-bladder  was  the  first  condition  for  the  fonnntion  of 
i^i^ttuua*  *'  gsill-sloues.  Under  tbc  ioflucuce  of  mucus  aecreted  by 
the  guil-bladder,  ho  believt^d  tliat  the  aalts  of  the  btle 
acidit  then  underwent  decnmpositioa *  and  the  leuction  of  iho  bile 
became  acid :  cunee(|uetitly,  thti  chnleaterin,  and  ihv  bilirubin  which 
hod  been  hold  in  solution  by  the  bile  salts,  separated,  the  former  in  a 
crystalline  condition,  the  latter  partly  in  a  crydtalline  condition,  but 
cbieSy  as  the  iiisi.)lublc  calcium  cumpi^und  (Bram&on).  He  drew 
attention  to  the  impoitaut  part  played  in  this  process  by  Mme  Kails, 
which,  he  shewed,  are  secreted  by  the  mucous  membrane  of  the 
gall-bladder;  this  he  rcpeutudly  hau  fuuud  iucrustevl  wiib  uumberleAs 
crystolB  of  calcium  carbonate,  t'rerichs  believed  that,  in  order  to 
lead  to  the  funuation  uf  biliary  concrutiunH,  tht.'  precipitated  bodies 
must  necdj  remain  some  time  in  the  gall-bladder  and  require  tb« 
co-upcmtiun  of  the  plemeiitH  reNultiiig  from  c-atairh  nf  its  lining 
membrane  (mucus,  epithehum  i').  th->ugh  he  gives  no  details  as  to  the 
pruceto. 

In  criticising  Frericlis'  theory  from  the  present  stand-point  of 
acienoo  it  is  at  once  ubvioua  that  such  an  acid  fermentation  as  he 
aasumod,  leading  to  a  dca)mposition  of  the  Nolts  of  the  btle  acids 

'  Bmiel'a  •xwimMtla  ftppcAr  to  have  beon  Mtfonued  «l  Nkonfo'i  inattgUJoD  mi 
t»  Twnrwd  In  ua  Klinik  d.  ChoUHiliUitu,  p.  It. 

*  Mannra.  of.  eii.  p.  18. 

*  tlitd.  p.  19. 

*  Pnrleha,  KHnik  der  LrhttkrankhfUen.  Drannsohwdx,  IftBL    'Die  EnuteliBiiK 
dar  OaUanaonomiMntn.*  Vol.  n.  m.  441— 4»T. 

'  '  8t»okiiii|[  and  Zmmtinaa  dut  tiallc  bl  alao  dia  «nt*  Vnacfaa  d«r  ConvKoeBl- 
hUiaufS,'  FKtieht,  op.  f  ii.  \,.  4h£, 
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ooold  DOC  originate  >pM]taneoaitjr,  Irat  prcsappoKs  the 
of  some  scUre  ageot,  fTtrntaakif  at  m  faAogema  trng^aa^^ 

At  th*  bile  hM  been  shftvn  to  be  aonB>)l^  ttcrilt,  tbe 
dowinc  (rf^  lis  cunvot  would  b«  tncofficieot  to  mdoee  the    ' 
vUeb  riwicbs  •fsoawd.    Bat  erea  vere  aydi  an  Msd  i 
u  Ike  imagined,  to  oocar,  tlwre  ts  no  eridenoe  tbet  it  vould 
a  teiwntMB  of  tbe  cholcierei  of  the  Ule.  ineMwrli  « 
•qantioo  doe*  oot  ooear  vhca  faOe  deoompoaee,  IfcuMgli 
to  stiDo^iberic  genu,  in)  ecqaire*  eu  acid  reactioo. 

MuTB^  Wbea  ^i~^^  (p.  940)  tbe  probable  anffa  oT  the 

•■"T  oc  tm  choleiteri»  of  the  bQe,  we  drew  atteotiow  to  the  views 
'  oTNaao^whobeaadTa&oedthereiBaiiablel 
that  it  H  Dot  a  {Nodoct  refDo*«d  hy  the  fiver 
Uood,  bat  that  it  talcee  il«  oHgia  io  the  epithelial  oeUs  of  the  gftU- 
fatadder  and  biliaij  faMagea,  Whilit  w»  advanced  argameots  whkh 
■mMar  to  OB  to  pore  that  neb  a  riew  is  ixtadnuMble  in  Ae  ease  of 
the  Dormal  dkoleaterin  of  the  Uk,  we  wonld  point  out  that  these 
arguments  do  not  iavmtidate  the  poanbibtj,  oav  tbe  ccrtaiotj, 
the  local  production  of  dioleatcrin.  as  a  result  of  morhid 
having  tbeir  eeat  in  tbe  epithe&al  cells  lining  the  maoous  mem' 
of  tbe  biliargr  paai^ea. 

We  have  drawn  attention  to  the  uheafTatiiim  of  Fterichs  vhtch 
mereljr  oonfinned  and  extended  thoae  atade  beSire  him  bjr  Cni- 
veilhier*,  sa  to  the  local  excreCtoo  of  ealdam  taha  hj  tbe  mucoos 
meabtaM  of  tbe  eall-hUdder,  when  Uui  heeoMea  the  aeat  of  inBam- 
null ■  I  aetiaa.  Nannyn  and  bia  pnOa  Inow  •a|qilemeoi«d  our 
knowledge  of  thia  subject  by  abewtag  ttat  Iht  amount  of  caluum  la 
the  bQe  la  not  affected  by  the  aoKMUt  taken  into  the  bo<ly  and 
esistii^  io  the  blood".  Tbe  only  coaatitowit  of  gall-stones,  iade«<l, 
which,  aooonling  to  "Suuara,  is  mflnenoed  by  tbe  food  is  bilirulni). 
tbe  amoODt  of  wfaicb  eeems  to  be  laiger  vfaen  tbe  diet  is  abuudast 
than  when  it  is  scanty. 

The  moat  careful  inquiries  have  revealed  that  neiihor  hereditair 
nor  acquired  (BitheMi»  aeither  pationality  nor  dietetic  habits,  appeal 
to  affect  the  incidenoe  of  choldithiaoL  Rich  and  puor,  ^  people 
and  spere,  the  gouty  bon  rnunl  and  the  abstemiooa  peasant,  all 
■ufier  alike  &om  gaU-etooea  Such  beiag  the  case',  mast  ore  set 
wbek  for  a  local  patholMieal  proe—  wBaettag  \u  the  tint  inataaor 
the  nooMia  membrane  of  the  biliary  paaagM,  and  leading  BecDodarilT 
to  the  foematiott  of  gall-etoaes  t 

The  emcBPe  of  Nausj-n's  theory  of  c^iolelithiaaia  conairta  ia 
ibMt  it  18  due  to  an  infectaoa  of  the  gall-hladder  and  bifiarv 


t  OnmBUm,  TrwUH-. ,_ 

s  W         I,  J3iaa  4.  CtaMttUua, 


.  T«L  a.  a.  iml 


*  SmiiK,  J3iaa  4.  CtaMttUua,  'Dto  baanalaliaMh  Aw  G^u.  ■  -  u 
>  Pr  Lrtwk  ImAmi.  'Crt^  CholaMrta  mIT ifciwiiiYiTltiim  ma  a^TnTiiIrrt. 
d.  Md.  KUnk  d.  Coir.  StnMbut).    AwtUr  J,  t^.fmk.im.  tkmrmak..  0€t!lMZ 
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passages,  by  the  migratioa  into  them  of  orgaaisnu  exiating  in  the 

auodcDum,  of  which  some  cx«rt  a  pathogouic  action  ou  the  mucous 
utembraae,  this  migratioa  being  facilitated  wheo  the  rate  of  6ow  of 
the  bile  is  diminished. 

As  waft  formerly  said,  the  normal  bile  is  sterile,  a.  fact  first 
denioDstr&t«d,  in  the  case  of  the  rabbit,  by  Nettcr  in  1884',  oud 
confirmed  in  the  case  of  man  by  Gilbert  natJ  Oirodo*  in  1890. 

Ntittor  and  Martha.  Brieger,  Leyden  and  others  had  found  in 
purulent  processes  aiFccting  the  biliarj-  passages  of  man,  in  addition 
to  other  organisms  (Stttjihi/tococci.  Streptococci),  a  bacillus  whicli  sub- 
!>e(]uetit  investigation  has  proved  to  bo  the  Bactei'iitm  coli  comvitine. 
The  same  bacillus  was  afterwaitla  found  aud  cultivated  by  Levy  in 
a  hepatic  abscess,  conseculive  to  galUsloues,  occurring  in  Naunyn'a 
cliniquc  In  tivo  caxes  of  cholclithiaMis,  in  which  an  acute  cholecystitis 
had  supervened,  Nauuyu,  by  puncturing  the  gall-bladder  during  the 
life  of  tne  patient,  discovered  the  same  Dacillua 

The  organism  thus  discovered  ix  eminently  pathogenic  and 
experiment  haA  shewn  that  when  introduced  into  the  oiliary  passages 
uf  dogH,  aftiit  ligature  of  the  common  bilt>>duct,  it  tnduc<^8  acute 
infection  and  rapidly  kills  the  auinial,  whilst  if  a  similar  culture  of 
the  bacillus  is  injected  without  ligaturing  the  duct,  no  bad  con- 
sequenced  follow  aud,  when  the  animal  la  killed  after  an  interval,  no 
aboonnal  appearance  is  observed,  either  in  the  biliary  passages  or 
the  hepatic  subHtauce. 

NauD}-n's  view  is  that  the  Bacterimt  coli  ccmtttum  migrating 
from  the  intestine,  under  the  necessary  conditions  of  a  retarded  or 
arrested  bile-flow,  induces  an  affection  of  the  mucoua  membrane  of  the 
gnll-bladder,  a  'calculus-forming'  catarrh  (' steinbildendc  Katarrh '). 

Wlien  death  suddenly  occurs  to  individuals  suffering  from  gall- 
stones (but  not  suffering  from  cholecystitis),  the  epithelium  oelb 
linine  the  gall-bUddcr  arc  found  to  contain  &t  drops  aud,  besides, 
so-called  myeline  masses,  with  double  outlines,  which  in  some  caaes 
lill  the  whole  cell.  From  some  of  these  myclin-lodcn  coils,  the 
masses  are  seen  to  protrude  and  then  to  become  detached.  Boating 
away  singly,  or  becoming  aggregated  into  clumps  of  Rla»^.  structure* 
IcNS,  highly  refractive,  matter.  Such  glassy,  strvctureleas  mowos  as 
these  are  actually  found  floating  in  the  bile  in  cases  such  as  those  vrc 
are  considering.  Ou  the  addition  of  acetic  acid,  they  may  be  observed, 
under  the  microscope,  to  congeal  into  a  mass  of  chotesterin  crystals. 
These  clumps  of  cbolesterio  are.  aa  Naunyn  shews,  the  first  rudiments 
of  gait-stones,  and  accompauving  them  are  exactly  similar  but  banter 
masses,  veritable  little  calculi.     At  first,  theee  httle  calculi  have  a 

'  KelUr,  qnoivd  by  Nsnn^n,  op.  n't.  p.  48- 

*  Oilbot  «t  (Hrodc  ComUet  Araiu  dt  to  SoeUU  d«  Btoiogie,  1600,  No.  S9 ;  1881, 
.11 
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glassy  structure,  but  sooner  or  later  the  cbolesterin  commences  to 
cn'irtjillise'. 

Whenever  this  remarkable  developmoDt  of  small  calculi  (rom 
clunipB  of  cbolesterin  could  be  obserrea,  Naunyn  alwBjs  found  other 
ven"  minute  cholesterin  calculi,  which,  however,  contained  a  central 
cavity  filled  with  a  bniwn,  i^oftisb,  maas,  composed  mainly  of  bilirubin- 
cnlcium,  and  be  was  able,  in  the  cajse  of  thcHc  also,  to  iitucty  the 
process  of  formation  from  its  very  cotnraeuceraent.  At  first,  aygn- 
gations  of  swollen  epithelial  colls  uro  ueiially  80en,  which  brt?flk  down 
to  form  a  granular,  biowuisb,  mass  aad,  iu  the  immodiatc  proximity. 
similar  brown  granular  massos  are  seen,  around  which  confluent 
myelin  forms  have  set,  forming  a  glassy  capsule  of  cholesterin. 

It  is  impossible  to  reproduce  Naunyn's  interesting  description  of 
tht!  minor  variations  which  may  be  observed  in  the  mode  of  origin  of 
calculi  and,  for  a  knowledge  of  tbeHe,  the  reader  is  referred  to  bu 
work.  It  only  remains  for  us  to  point  out  how,  according  to  Naunya's 
investigations,  the  calculus  growB  and  is  modified.  The  growth  of 
calculi  composed  mainly  ot  bitirubin-calcium  occurs,  douotlcsis.  in 
conscqucDce  of  actual  precipitation  of  the  compound  from  the  bile, 
occasioned  partly  by  the  pouring  out  of  a  secretion  rich  in  limo  salts 
from  the  walls  of  the  gall-bladder  (au  event  which,  us  we  have  seen, 
always  accompanied!  a  caturrliul  condition  of  the  gall-bladder),  but 

Eartly,  perhaps,  iti  oonsfquencu  of  the  ^multaneous  passage  into  the 
ile  of  albumin,  the  presence  of  which  greatly  aids  the  precipitAtion. 

The  growth  of  a  calculus  through  the  addition  of  cholesterin 
generally  occurs,  according  to  Naunyn,  by  the  superposition  of,  or 
mfiltration  by,  tlie  masses  of  cholesterin  around  it,  though  where  a 
caJculus  is  surrauDded  by  bile  it  may  also  iucreaae  in  tuze  through 
the  crystallisation  of  cholesterin  which  was  in  solution  in  that  Uqtud, 
The  infdtratiou.  previously  referred  to,  takes  place  through  minute 
canals  wliieb  penetrate  from  the  outer  zone  iuto  the  interior  oi 
calculi — so  culled  infiltration  cauats  ('  1  nfiltrationscanale  ') — which 
permit  both  the  primitive  soft  choleBtcriu  masses  and  the  bile  to 
permeate  the  concretion. 

It  must  be  added  that,  according  to  Naunyn,  the  ciTstalline 
structure  of  cholesterin-calculi  is  not,  in  general,  due  to  a  primair 
deposition  of  cholesterin  in  the  crystalline  form,  but  is  due  to  a 
ftecoudaiy  process  of  crystallisation  which  invades  the  mass  of  chole*- 
torin  forming  the  calculus,  aft*r  this  has  b«on  deposited. 

■  The  reftd«r  is  referrod  to  lh.e  mo«t  txeaulilul  chroiuolitbogTBpliB  uicl  plioteklnr 
«iipmving«  illaetrating  the  gtraovitt  i>t  gall-stoace  in  Naonya'a  book. 
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Sect.  4.    Results  of  Quantitative  Analyses  of  the  Chief 
Varieties  of  Biliarv  Calcull 


I,    Cholestenn  Calculi. 

The  most  complete  mvestiKatioDa  on  the  composition  of  biliary 
calculi  hare  btwn  made  by  Ritter',  who  for  the  purposes  of  hia 
research  tuade  a  collectiou  of  6000  spcciuiciu. 

The  maximum  aad  mininuim  qtmntitics  of  chotcstcnn,  organic 
inatcers  other  lUuti  cholcat«riu,  and  iQincrat  muttura  in  hia  anolysefi  of 
cholestorJD  t^lculi  sre  as  follows: 

Sl&ximitm.  Minuunm. 

Choleslcrin  in  100  porta                       !KS-1  G*2 

Other  organic  matters  io  100  parts    2i'4  I'S 

Uiucral  matters  io  100  parts                 H'^  0'4 

The  lori^t  araounc  of  bilirubin  fouDd  by  Ritter  in  «  cholest«ria 
calciihi)!  wan  lii  per  cent. 

Th«  fotlowiag  are  the  results  of  the  analysiit  of  a  cboleBteria 
calculus  made  by  v.  Planta  and  Kekul^* : 


Wat-er  in  100  parts 

Cliolcstcrin 

HapOQifiable  (sit 

Biliary  colouring  matter 

Miiciu{0 

Matters  whible  in  water 

Mineral  matters 


*-8a 

&0-82 
202 
020 
1-35 
079 
0-2!S 


n.     Biliriihin-f!alci\im  CatctUi. 

In  a  bilir II bin-calcium  calculus  (human),  Ritter  found  traces  of 
cholestorin,  752  per  cent,  of  organic  mattors  and  24*8  per  ceut,  of 
mineral  matters 

Tlie  following  aniUj-aea  exhibit  the  composition  of  n  bilirubln- 
cakiuio  cclIcilIuk  uf  the  ox,  made  by  Maly*. 

Bilirubin  in  100  parts  2310 

Fatty  matters  5"28 

Uatteri  soluble  in  water  1801) 

Phosphates  and  earths  combinod  wicb  biUrubio  141 

Insoluble  matters  and  loss  47'13 


'  nillw.  Jvnrnat  it  TAnmtmta  tt  dt  Id  Pha$ioloair,  Milt,  pp.  SO  ud  181.  CdnuUi 
Ktrnt**,  Vol.  i.»xiv.Jl87«l.  p.  81S. 

'  *.  PUntA  ftni  lUlniU.  Anmi*n  d.  Oxm.  ii.  Pkam.  Vgl.  taxtm.  p.  107. 

•  R.  UkI;,  *  ZaMUUDeaaMKong  der  UohMiuaIl«ul«iiu,'  JakKth.  <L  ittUt-CUmk, 
T»L  n.  \ViU).  pp.  >10— SU. 
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Maly  found  another  calculus  of  the  oz  to  contain  45  per  cent,  of 
bilirubin.    Tbese  calculi  contained  no  cholesterin. 

Fhipson  analysed  a  simitar  concretion  from  the  pig,  with  the 
following  results : 

Water  m  100  parts  81)0 

Bilirubin  61-36 

Ether  extract  (fat  and  cholesterin)  1*35 

Hyoglycholate  of  sodium  275 

Mucin  11 '50 

Mineral  matters  13'65 


ni.     Calculi  rich  in  Mineral  Matter. 

The  following  is  the  analysia  by  Bitter  of  a  calculus  weighing 
1"36  grms.  found  in  the  gall-bladder  of  an  aged  woman : 

Cholesterin  in  100  parts  0'4 

Bilirubin  0-6 

Biliprasin  (?)  0-8 

Bilihumin  128 

Matters  soluble  in  water  2'3 

Calcium  carbonate  64'fi 

Calcium  phosphate  12*3 

Ammoniaco-magnesium  phosphate  3'4 

Mucin  and  loss  2'8 


CHAPTER  Vm. 

METHODS   FOR  THE   ANALTSIS   OP  THE  BILE   AND 
BILIARY   CALOULI. 


We  have  m  the  preccdiug  Chapt«rs  treated  so  fully  of  the 
nropertien  and  tnethcxls  of  separatiiig  the  DOrnial  cooFtituenU  of  the 
bile,  that  it  only  retnaing  to  deecribe  the  methods  which  are  employed 
ill  the  fiv8t^n)»tic  anRlynis  nf  liile  and  biliary  calculi,  and  whicb  are 
of  Bpccial  importaoce  to  the  physiciaa  and  the  patbologiat. 


Sect.  1.     Examination  of  the  Bile  for  Albl'mis,  Oxys-emo- 

OTXJBIN    ASI>    ITS    DEIIIVATIVES,    SuoAB,    UhEA,    LEL'CINE    AND 

Tyrosine. 


JUInuntaL 


gleUa  Mid  lU 
«wlmUTCa 


The  bile  is  cainJou&ly  neutralised  by  means  of  diluto 
acetic  ncid  and  then  boiled,  when  the  productioo  of  a 
caa^liim  will  indicate  the  presence  of  albumin. 

.^^  Tlie  bile  is  decolmirised  by  means  of  animal  cbar- 

coal.  filtere<l,  an<l  the  Hltnce  is  tested  for  sugar,  (1)  by 
Fchllng'a  test.  (2)  by  the  fennentation  test. 

In  the  case  of  the  preaence  of  aufficient  blood- 
colouring  matter,  a  red  colour  and  the  chRTttoteristtc 
spectrum  of  oxybunioglubin  may  bu  observed.  Thu 
bile,  however,  readily  decomposes  this  body,  throwing  down  a  pre* 
cipitAte  which  containa  botli  hnriiiatiu  and  albiiminoiui  substances 
(Hoppe-Seyler).  This  precipitate  should  be  dissolved  iu  dilute 
solution  of  sodium  hydrate  when  the  spectrum  of  hnmaliii  in 
alkaliut!  siiliittuu  is  obuTved :  on  treating  the  solutiou  with  ammo- 
uium  sulphide  ihe  spectrum  of  hxemochromogen  (reduced  hieiuatia) 
nobteioad  (aee  Vol.  L  lat  od.  p.  110). 

In  examiuLOg  the  bile  of  the  ox  and  of  tbe  sheep,  when  two  bauds 
alone  are  visible,  their  pot^itioD  should  be  corcfully  determined  aud 
compared  with  that  of  the  oxyhaimoglobiu  bauds,  before  tbe  cun- 
elusioD  ia  arrived  at  that  thiit  substaoce  is  present ;  the  necessity  for 
cautiou  arisen    from  the    fact    that   tbe  two  central    bands  of  the 
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So-called  cholohartnatiii  may  be  distinctly  obeerved  beforo  tie  other 
bnndB  have  become  vifiiblo. 

The  bile  U  mixed  with  dry  animal  cbarooal  evapo- 
rated to  dryness,  and  the  residue  is  dissolved  in  absolnte 
alcohol.  The  solution  in  thoroughly  precipitated  vfith  anhydrous 
ether  and,  after  subsidence  of  the  precipitate  of  salts  of  bile  acids,  the 
clear  ethcrn-alcoholic  solution  is  evaporated  to  dryneaa.  The  residue 
is  dissolved  in  water.  The  urea  present  may  then  be  st-parated  by 
Drechsel'a  method  of  alcoholic  aialyaift,  which  was  employed  by 
Hayeraft  in  the  research  on  urea  in  the  blood  which  be  made  under 
Diecliael's  dlrectiuu'.    The  urea  thus  obtuioed  must  then  be  identiBed. 

The  bile  is  folly  precipitated  by  the  addition  first 
of  solutiou  of  Inad  acetate  and  then  of  ammonia,  and 
the  filtrate  from  the  abundant  precipitate  which  falls  is  treated  with 
sulphuretted  hydrogen.  The  filtmle  from  the  precipitate  of  lead 
sulphide  ie  evaporated  on  the  water  bath  and  sot  aside  lo  rrystallifie. 
The  leucine  and  tyrosine  which  may  ai;parate  are  identified,  separated 
and  treated  as  described  under  leucine  (pp.  234  and  236). 


Sect.  2.  Quantitative  DETERMiSArroN  of  the  Spkcific  ORAvrrv, 
Total  Solids.  Salts,  Mncom  Nucleo-aujumis,  Bilk  Acids, 
F.ITS.  Soaps.  Cuolesteiun,  Lkcithis  and  Bii^-coLormsfl 
Matteils. 


LcndDs  and 


1.  spMiiie 
friLrtty. 

174  ci  8€q.). 

a.  Total 
BftUtls  and 

salta, 

—  ISO). 


Determine  iy  vieatis  of  tiie  specific  gravity  battUt 
noting  cflTefuIly  the    temperature  (Vol.  i.   1st  ed.  p. 

Weigh  out  exactly  about  from  5  to  10  grammes  of 
bile  and  determine  the  total  solids  and  salts,  exactly  u 
described  in  the  case  of  blood  (Vol.  L  let  cd.  p.  17? 


3.   TlM  mn- 

oold  iraQl«<MLl- 
buinla. 


Treat  from  10—30  grammes  of  bile  with  fire  tinM  — 
their  volume  of  absolute  alcohol  and  ceotrifugal^^H 
Wlibn  the  precipitate  has  separated  in  a  coherent  lul^^l 
(i.ft  in  about  10  minutes  with  a  velocity  of  201)0—3000  p.  mxtL\ 
collect  it  on  a  weighed  filter,  the  amount  of  the  ash  io  which  is  aUa 
known.     Thorougiily  wash  the  precipitate  with  abiolute  alcohtil  and 
collect  the  alcoholic  filtrate  auu  washings.     The  precipitate  is  then 
further  waaheii  with  dilute  acetic  acid ;  the  filter  and  precipitat«  are 
dried,  firat  at  100  C,  then  at  110^  and  afterwards  wt-ighed.     Thus 
are  found  the  amount  of  mucoid  nucleo-albumiu  together  with  soiD* 
insoluble  salts  and  a  trace  of  bile-colouring  matters.     The  filter  and 
precipitate  are  then  ignited  and  the  ash  weighed.     On  deducting  the 

'  In  Vol  I.  |l*t  flditionl,  p.  1«  (Hayenfft  mfiluid). 
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weight  of  the  ash  from  that  of  the  dried  precipitate,  the  weight  of 
the  nmcoid  niiclco-albimiin  is  obtAJaed 

4.  Dvtgimi.  A  t^uantity  of  about  10  grammes  of  bile  is  treated 

auioD  <a  atU'  with  nlcnhol  exactlv  fis  iitatod  under  3,  the  precipitate 
ud^iHte^  of  the  inucoid-uiicleo  nlbumia  being  carefully  waabed 
with  other.  The  alcuhoUc  and  elh(.Teal  solutions  are 
evaporated  to  drym-Jte  aud  the  residue  thoroughly  extracted  with 
alconol  and  ether,  filtared,  evaporated  to  dryuesa  and  weighed.  Thus 
ifl  found  the  combined  weight  of  the  choleflterin,  lecithin  and  neutral 
fatoL  In  order  to  obtain  tne  m^parate  amouatA  of  tbese  coDHtitueiitA, 
proceed  exactly  as  prescribed  for  the  determination  of  these  bodies 
in  the  blood  (Hoppe-Seyler'a  method.  Vol.  I.  lnt  edition,  p.  IfiT). 

s.  OtUrml- 
Oktlon  of  tb* 
<«nit>in«d  uiu 
of     iht      bU« 

»cld».  of  tla« 
quuitlty  of  Uie 
T*8pactlv« 
ft«lda  and  of 
tli«  klkUln* 
raoUli  oom- 
Mnod  vlUt 
Uiem. 


The  delenuinations  under  this  head  naccsaitate  & 
thorough  crainiog  in  the  methods  employed  and  should, 
with  the  exception  of  the  first  and  simplest,  not  be 
attempted  by  inexperienced  chemist*. 

(a)  The  simplest,  but  only  approximate,  method  of 
determining  the  aniount  of  the  saJts  of  the  bile  acids  in 
the  bile,  is  to  evaporate  a  weighed  quantity  of  bile  to 
dr^Tiess,  after  mixing  it  with  pure  anttaal  charcoal.  The 
thoroughly  dried  residue  is  extracted  with  boiling  ether 
and  afterwards  repeatedly  with  boiling  alcohol.  The 
alcohol  sotutluiis  are  filtered,  evaporated  in  a  weighed  porcelain 
crucible  until  the  weight  of  dry  residue  is  constant ;  thereafter  the 
residue  is  ignited,  the  weight  of  tha  luih  being  deducted  from  that  of 
the  total  alcoholic  residue.  Thus  we  obtain  approximately  tbc 
weight  of  bile  acids. 

(ii)  (Hoppt-Seyler's  method.)  30  grammes  of  bile  are  treated 
exactly  as  described  under  3  (p.  392) ;  ludoed  the  same  ijnaiititv  of 
bilo  which  Horves  to  furnish  the  amount  of  the  mucoid  uucleo- 
albumin  will,  if  not  too  scanty,  Hufiioe  for  the  determi nations  now 
being  eoiiwdere<l. 

The  mixed  alcoholic  solution  is  complet«]y  precipitated  by  adding 
many  times  it-s  volumes  of  anhydrous  ether.  The  precipitate  which 
separates  consists  principally  of  the  alkaline  salts  uf  the  bitc-acids, 
but  contains  also  small  quantitieg  of  the  alkaline  salts  of  the  fatty 
acids  and  of  oleic  acid,  bi^si<ies  sodium  and  potassium  chloride.  Tbc 
precipitate  is  allowed  thoroughly  to  subfide  and,  after  decantstion  of 
the  alcohol  and  ether,  is  dissolved  in  distilled  water;  the  .solution, 
having  been  diluted  to  a  known  volume  or  weight,  ta  divided  into 
three  partA,  of  known  if  not  of  equal  volume  or  weight;  these  we 
shall  de^i^nte  a,  /3,  y.  The  fraction  a  is  evajiorHtcil  to  dirneis,  first 
on  the  water  bath,  then  at  110  C.  and  after  weighing  is  ignited, 
and  the  aith  is  then  weighed.  In  the  ash  the  quantity  of  chlorine, 
E>otassium  and  sodium  ore  determined  by  the  ordinary  methods. 

The  fraction  ff  serves  for  the  detenninatjon  of  the  amount  of 
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sulphur,  whence  the  amount  of  tauroclioHc  acid  19  determined.  It  is 
evapnTateil  to  dryness  in  a  silver  basin  and  then  ignited  with 
caustic  soda  and  pocassium  nitrate,  or  it  u  treated  b;  Carius'  method 
(heating  m  &  scaled  tub©  with  strong  pure  uilric  acid).  Wbichtver 
method  is  employed  foroxidieiug  Ihoaulphur,  the  amount  of  sulphuric 
acid  is  dcturmined  in  the  usual  mannur  by  predpitutiug  iritb  bKiriun) 
chloride,  Ac. 

The  frflcti<]n  7  servos  for  the  estimation  of  the  glykncholie  acid, 
taurochulic  acid  and  the  fatty  acids.  If  necessary,  it  should  be 
decolourized  by  means  of  recently  ignited  pure  animal  charcoal,  the 
latter  beiue  afterwards  tborougijly  wnshed  with  alcohol  and  the 
combined  alcoholic  fluids  coiice titrated  on  the  water  batb  and  brought 
up  to  a  known  voluDie,  The  specitio  rotatiunof  tbc  alcohulic  solution 
is  now  determined  (aee  Vol.  I.  1st  edition,  p.  7  rt  sey.). 

Either  the  whole  of  the  alcoholic  solution,  or  a  known  fraction  of 
it,  is  now  evapomtod  »o  as  to  expel  the  alcohol;  the  wat-ery  solution 
of  the  residue  is  then  placed,  lege  artis,  in  a  thick  and  hard  tube  in 
which  have  been  previously  placed  at  lenst  5  grras.  of  dry  c&ustic 
baryta.  Tlic  tube  is  then  scaled  about  a  Jecimeter  above  the  lerel 
of  thpi  fluid,  and,  after  being  allowed  to  cool,  the  tube  is  thoroughly 
aliakeu  and  then  heated  in  tlie  nil  bath  at  110^ — 120°C.  for  ten  or 
twelve  hours.  The  tube  is,  tber(?after,  cautiously  opened,  the  liquiii 
is  poured  into  a  beaker,  the  tube  thoroughly  washed,  and  CO,  b 
then  passed  through  the  solution  uutil  no  further  precipitation  of 
barium  carbonutc  occurs.  It  is  then  heated  to  boiling  and  filtered, 
at  this  temperature,  through  a  hot-water  funnel. 


Flu.  Sa.    A  BoT>«r*TitB  FiJXXIu 

Tbr  projxRling  tube  B  permits  of  tliK  voter  beliiK  brat«d  to  tiotlinit  duriait  lb«  | 
Er»n  »[  flt[mtiOD.  i\k.  »tram  lielng  nlk'n'i'il  to  •^scji))l-  itiroUKh  E. 

The  filtrate  contains  barium  cliolalate.  hesidea  glyoocine  aod 
taurine,  whilst  the  precipitate  consists  of  barium  salts  of  the  fatti 
acids  and  of  oleic  acid,  mixed  with  mucli  barium  carbonate.  From 
this  precipitate,  the  fatty  acids  and  oleic  acid  are  nbt.iined  by  decoot- 
posing  with  dilute  faydi-ochloric  acid,  repeatedly  extracting  with  elhcr 
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and  evaporating  the  ethereal  solution  to  dr^-nes3.  The  aqueous 
■Kilutioi)  of  barium  eholal&te,  iic  ia  concentrated  to  a  <tnin.lt  Tohime, 
the  solution  not  being  filtered  from  the  precipitate  which  separates : 
ether  is  wlded  to  it  and  then  dilute  hydrochloric  acid,  which  throws 
dovn  cholalic  acid.  The  hquid  is  allowed,  however,  to  remaiu 
cxpoMid  to  the  nir  for  some  days  bo  ns  to  permit  of  the  evaporation 
of  tte  ether.  The  cholalic  aeid  which  has  then  separated  is  collected 
on  a  weighed  filter,  washed,  dried  at  120^  C.  and  weighed.  If 
desired,  the  filtrate  may  be  freed  from  barium  by  means  of  ammonium 
cai-bonate  and  the  amount  of  ammonia  and  the  sulphur  iu  it 
(representing  thi-  taurine)  detcmuucd. 

Knowing  the  amount  of  sulphur,  we  may  calculate  firstly  the 
amount  of  taurochotic  acid  which  it  represents,  and  secondly  the 
MDinint  of  choliUic  acid  which  would  result  from  iU  dccompoaitioo, 
seeing  that  100  parts  of  taurocholic  acid,  wheu  decomposra.  yield 
72'22  parts  of  cholalic  acid.  If  wo  deduct  this  quantity  of  cholalic 
acid  tJrom  the  total  amount  which  is  ubtaiucd  a»  n  product  of  the 
decomposition  of  the  mixed  bile  acids,  we  naturally  find  the  amount 
of  cholalic  acid  which  must  have  existed  a*  glykocholic  acid,  seeing 
that  100  parts  of  cholalic  acid  represent  113'98  parts  of  glykocholtc 
acid. 

The  determiuation  of  the  rotator^'  power  of  the  alcoholic  solution 
previously  recommended  serves  to  control  the  results  obtained  by 
the  method  just  described. 

Tf  n  be  the  observed  rotation  expressed  iu  degrees  for  the  line  D 
of  a  column  of  the  solution  1  decimeter  thick,  and  m  the  amount  of 
taurocholic  acid  calciUated  from  iht-  weight  of  the  barium  sulphate 
(the  Sp.  Rot.  {a)D  of  sodium  taurocholate  in  alcoholic  aolutiun  being 
=  +  25  "S  and  of  eodium  glykcxrhnlate  +  iTH),  then  tli©  amount  j"  of 
glykocholic  acid  in  the  nuld  will  be  found  by  ibe  following 
tion: 

100.  u- IB  .25 -3 
*"  27^6  * 


Dtttnninatieiit  of  the  Colouring  ilailera  of  M«  Bite. 

These  arc  only  possible  by  the  method  of  spectro-photometry. 
As  we  know  the  optical  comttonts,  of  which  a  knowMge  is  needed, 
both  of  bilinibin  mid  bilirerdin.  it  is  perfectly  posBiblo  to  determine 
the  absolute  and  relative  amounts  of  bilinibm  and  bilivenliii  in  n 
bile  containing  one  or  otiicr  or  both  of  these  constituents.  The 
methods  of  spectro-photometry  will  be  deacribed  in  all  detail  in  the 
2nd  edition  of  Vol.  L 
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METHODS  OF  ANALVSINO   UALL-STONE8.  [BOOK  n. 


Sect,  3.    Thk  Methods  of  analtsiso  Gaix-stonbs. 

The  yall-stoiie  hn  powdeitftl  and  th«  powdar  in  repeated!/  treated 
with  boEliii£  water,  which  extracts  the  bile  with  which  most  calculi 
are  imhibed.  The  residue  is  dried  and  then  extracted  repeatedly 
\vith  a  mixture  of  equal  parts  o(  alcohol  and  ether,  which  removes 
the  chiilesteriii.  The  insohible  residue  is  then  treatwl  with  dilute 
hydrochloric  acid,  when,  if  cnlc-ium  ciuboiiaW  be  present,  effervesceoce 
in  ohaerveil.  The  iosohible  matter,  after  treatment  with  hydrochloric 
acid,  is  thoroughly  washed  with  water.  After  dryiuc,  it  is  tj«atcd 
with  chloroforru.  The  method  of  separatiou  and  purincation  of  bili- 
rubin is  that  described  at  page  316.  The  hydrochloric  acid  solution 
in  the  above  process  will  contain  any  copper  which  may  be  preseDt 
in  the  concretion  and  which  will  be  readily  discovered  by  the 
ordinary  tests. 

The  methods  of  quantitative  analysis  to  be  employed  depend 
somewhat  upon  the  constitution  of  the  oilculna.  From  the  hint* 
given  above  and  from  the  full  iaformatiuu  given  preriously  as  to  the 
determination  of  the  various  constituents  of  the  bi]o  whicb  occur  in 
gall-i!iitane«>,  it  will  be  easy  to  conduct  t^he  quantitative  onulysia  of  any 
gall-stone. 
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CHAPTER   IX 

THE  INTESTINAL  CANAL  AN1>   ITS  6ECRETI0.N.    THE 
INTESTINAL  JUICE  OR  SUCCU8  ENTERICU8. 


Sect.  1.    Iktrodcctobt  Observations  os  the  Stbcctube  of 

THE   r.VTKSTLVAL  Tl'BE, 


r/w  Sviall  IntestitiC. 

Tm  small  iDtestine  is  n  convoluted  tube  which  commeBCGS  at  the 
pyiorcm  and  ends  in  the  lai-ge  intestine  or  colati,  tlie  upt-uing  between 
th(?  two  being  guarded  by  the  so-eftlletl  Uio-ctvcal  or  Uio-cofic  valve. 
"  Ita  coavoliitioris  occupy  ihu  uiidille  and  luwcr  pikrt  of  the  abdomen 
and  are  Kurruundcd  by  largo  iutcstiao.  Thoy  ate  connected  with  the 
back  of  the  abdominal  cavity  and  »ro  bvid  in  tbeir  poeitioD  by  a  fold 
of  the  peritoneum,  named  the  meseulery,  and  by  numerous  blood- 
vciwuls  fuid  nerves." 

"The  amall  inteMtinc  w  urbtlrorily  divided  into  threii  portions, 
whii;h  have  received  different  Dailies;  the  first  ten  or  twelve  iiicheK 
immediately  succeeding  to  the  stotuocb  and  comprehcudiDc;  the 
widest  and  most  fixed  part  of  tlie  tube,  being  called  the  dHodmium. 
the  upper  two-fifths  of  the  remainder  being  named  Iho  Jejuttutn.  and 
the  lower  three-lifths  the  ileum.  There  arc  nu  distinct  linea  of 
demarcation  between  Ihew  three  parts,  but_  there  are  ceitam  pecu- 
liarities of  counectioDB  and  difTereoce-s  of  internal  structure  to  be 
observed  in  comparing  the  upper  and  lower  ends  of  the  eutirc 
tube'." 

The  intestine,  small  and  large,  throughout  its  length  from  the 
pvlorus  to  close  upon  the  rectum,  poasesoett  the  general  amvgcmcntjt 
of  structures  which  characterise  the  whole  alimentary  canal.  "A 
thin  outer  longitudinul  muscutar  layer,  covered  by  peritoneum,  is 
succeeded  by  u  thicker  inner  circulur  miuculor  layer,  and  this  double 
muscular  coal  is  separated,  by  a  subunicouH  hiyer  of  loose  ceaneetive 
tisBoe,  carrying  ihe  large  blood-vessels,  from  the  mucous  membrane; 
the  latter  rfinsittM  uf  uu  epithelium  lying  upon  a  couucctive  tissue 
basts  of  a  peculiar  nature.     A  well-developed  mujicu/am  niifOoAr, 

'  QiMlii'a  AmUn^,  Wth  od.  VoL  u.  p.  M0. 
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composed  of  longitudinal  aud  circular  fibres,  uuuke  off  cbe  muooan 
merabrano  proper  from  tho  uuderlying  subinucoua  tissue." 

"In  the  fttaaW  intestine  the  outer  longitudinal  muscular  layer  ie 
evenl;  distributed  over  the  whole  circumference  of  the  tube  and  is 
everywhere  much  thinner  than  the  inner  circular  layer,  which  is  the 
more  itoportant  of  the  two.  The  iudividual  fibrc-celU  of  thcjte 
muscular  layers  of  tho  ictestlne  arc  large  and  wcU-doveloped.  In 
the  thia  Hhc«t  of  couuectivc  tissue  which  separates  iudistioctly  the 
two  layers,  lies  the  plgirus  of  Auerbach.,  a  plexus  of  nerve-fibres,  for 
the  most  part  non-mcdultated,  at  the  nodes  of  which  are  gathered 
gruups  uf  very  small  nerve-celts,  the  substance  of  each  cell  being 
especially  Bcauty.  This  plexus  supplies  the  two  muacular  layers  •vita 
iterve-fil>reii.  Thn  submucoui;  coat  contains,  besides  blood-vessels 
aud  lymphatics,  a  somewhat  similar  plexus  of  nerve-fibres,  colled  the 
plextis  0/  Meissner ;  from  this  plexu.'?  fine  nerve-Hbres  proceed  to  the 
i)lood-veg.tcl3,  to  the  tnuscularia  rauooss,  and  possioly  to  other 
structures'." 

Tba  tnueoui  "  This   is  thrown  into  folds  which  are  not,  as  in 

msmbrajw    of   the  case  of  the  Htomach,  temporary  longitudioij  folds, 
tartbT"*^'  *°     rw^w,   but    permanent    transverse    tolds,   tho   valvula 
*■  conimentea,  reachiog  half-way  or  two-thirds  of  the  way 

round  the  tube.  Each  fold  is  a  fold  of  the  whole  mucous  membrane, 
carrying  with  it  a  part  of  the  submucous  tissue,  the  latter  thus 
forming  a  middle  sheet  between  the  mucous  membrane  on  the  upper 
surface  and  that  on  the  lower  surlace  of  the  fold.  The  folds,  wtuch 
vary  in  size,  large  and  umall  frequently  alternating,  begin  to  appear 
at  a  little  diataace  from  the  pylorus ;  they  are  especially  well- 
developed  just  below  the  opening  of  the  bile  aud  paucreatic  ductc, 
and  are  contiaucd  down  to  about  the  middle  of  the  ileum,  where, 
becoming,'  smaller  aud  irregular,  they  gradually  disappear.  Thty 
serve  U>  increase  the  inner  surfnce  of  the  intestine  and  present  aa 
obstacle  to  the  too  rapid  trauait  of  material  along  the  tube." 

"Over  and  above  the  coarser  inequalities  of  surface  caused  by 
these  folds,  the  level  of  the  mueouH  mombrane  is  broken,  on  the  one 
hand  by  loiigue-Iike  projections,  the  villi  and.  on  the  other  hand,  by 
tub\ilnr  depressions,  the  glands  or  crypts  of  LieberhfiAn'." 

Detortfftuut  "  The  latter  are  very  much  smaller  and  ore  more 

**  **VS??^  numerous  than  the  former,  several  crytrts  being  placed 
ofUfltMdrUha.  j^  ^jjg  interval  between  two  villi.  Both  are  found 
on  the  projecting  valvulji-  as  well  03  in  the  valleys  between,  and 
both  eitenuolong  tlic  whok'  length  of  the  intestine  from  the  pylonu 
to  the  ilio-ciecal  valve ;  but  whue  the  villi  vary  a  good  deal,  being 
short  and  few  immediately  next  to  the  pylorus,  very  numettma 
and  large  in  the  duodenum  and  upper  part  of  the  intestine,  less 

>  Dt  it.  Fo«t«T,  A  Texi-Book  of  Phytlotoay.  Port  11.  p.  411.  MMmiUaii  uid  Co., 
Londnn  jutd  Mew  York.  16««. 
)  Ibid.  p.  iia. 
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Qumerous,  enialler,  and  moro  irregular  in  the  lower  part,  the  crypts 
havv  nearly  thu  samu  cliaractent  and  arc  distributed  tliroughouL 
Very  much  as  iu  tbe  ca«e  of  tlie  stomach,  the  muscularis  tnucosffi 
runs  in  an  even  line  (except  for  the  sweep  of  the  valinilsp  conniventes) 
at  a  little  diAtauce  from  the  ba«eH  of  the  closely  packed  crypts,  and 
at  a  greater  distance  [viz.  the  leii^b  of  tbe  crypts)  from  the  bases  of 
the  villi ;  as  we  .ilmll  see,  Imwever,  the  niuscularLs  miicosro  sondtt  up 
muscular  Hbres  into  each  villus." 

The  cTjpta  of  Lioborkiiho  arc  lined  by  columnar  or  rather  cubical 
epithelium  which  is  coutinuoiut  with  that  which  covers  the  intestinal 
surface  and  the  villi 

"They  are  slmight  or  nearly  strm|[ht  tiibos  about  400/i  long  and 
70^  broad.  The  outline  is  furuisbed  by  a  very  distinct  basement 
membrane,  in  which  nuclei  aro  imbedded  at  i[iter\'al9,  and  this 
basement  membrane  is  lined  with  a  Binglc  layer  of  short  cubical 
cells,  leaving  a  small  but  diatiuct  lumen ;  the  cells  should  perhaps 
be  rather  descnbcti  as  somuwliat  conical,  with  a  broader  hose  at  the 
basement  memlHaoe  and  a  narrower  apex  abutting  on  the  lumen. 
The  cell-body,  surrounding  a  somewhat  spherical  nucleus,  is  faintly 
granular  except  for  a  hyaline  free  border,  which  however  is  not  so 
conspicuous  or  so  constant  aa  in  the  columnar  cells  of  the  villi. 
Similar  cells  cover  the  ridgca  intervening  between  adjacent  glands, 
and  where  a  villuit  comes  next  to  a  glunu  the  short  cubical  cells  of 
the  gland  may  be  traced  into  the  eulunmar  csIIh  of  the  villua,  the 
hyaline  border  becoming  more  marked  nnil  the  mucous  beoomiag 
oval.  Among  the  cubical  cells  of  the  gland  are  to  be  found,  in 
varying  uumbers,  gobJet  cells  quite  similar  to  those  of  the  villi,..," 

"  Outside  the  basement  nicmbrane  bvtweun  adjacent  glamls  and 
between  the  blind  ends  of  the  glands  and  the  uuderlying  nmsciilaris 
mucOEfe,  is  reticular  couuectivo  titutue,  Bucr  and  m<>rc  Indv  reticular 
than  that  of  the  villi ;  it  is  perhaps  less  crowded  with  leucocrtes. 
lu  this  reticular  tissuo  run,  encircling  the  glands,  capillary  bfood* 
veuels  snnplied  by  Kmall  arteries  coming  from  the  submucous  tiastte, 
and  pounog  their  blood  iato  corresponding  veins,  and  with  thid 
reticular  tissue  lymphatics  are  connected...," 

"  Besides  theae  glands  properly  so-called,  that  is  to  say  invulutiona 
of  tbe  epitheltiil  (hypoblastic)  mucous  membrane,  there  are  found  in 
the  mucous  mombraue  bodies  belonging  to  the  lymphatic  system  also 
often  called  glaude,  viz.  the  solitary  glands  aad  uie  agmina'ted  glands 
or  glands  of  Peyer." 

Tb*  (Uodi  "  Immediately  below  the  pylorus  in  man,  but  varying 
of  Bmniur.  somewhat  in  position  in  mffercnt  animals,  are  the 
glands  of  Brunner.  These  may  be  regarded  as  modilications  of  the 
pyloric  glauds  of  the  stomach'.  In  each  gland  a  duct,  lined  with 
rt  coTamnAr  epithelium  cells  leaving  a  distinct  lumen,  extends 

■  HsIdmbaiB.  Atehft  f.  mienteop.  Aiua.  ToL  vm.  [1979).  p.  ITS. 
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]tiQgl«  for  BOin«  distance,  and  piercinj:;  the  muscularis  mucusie  divides 
in  the  submucous  tissue  into  &  cumber  of  tubes,  which  subdividing 
taJcu  a  twisted  cnunie  and  end  in  hlight  enlargemeots  or  aJveoU. 
Tbo  cells  lining  both  the  branching  tubes  and  the  alveoli  ore  short 
cubical  cells  with  an  indiHtinct  mitline,  similxr  to  but,  in  &  fresb 
condition,  more  distinctly  gninular  than  the  celU  of  the  g&stric 
pyloric  glands.  Bundles  of  plain  Einiscular  fibres,  stragglers  from  the 
miiRCulariK  mncra,'e,  are  scattered  anicmg  the  tubes." 

■■  Theaa  glatids  of  Brtimier  when  traced  back  to  the  stomach  an 
fuund  ti)  -pass  gradually  into  the  pyloric  glands;  traced  along  the 
intestine  they  »tiun  diBap5>ear.  The  ducts  of  those  glands  which 
reach  into  the  diiodKOiiin  so  far  as  to  be  found  in  compauy  with 
the  glands  of  Lieberlciihn  and  the  villi,  open  into  the  lumioa  of  the 
former.  It  is  not  clear  that  any  special  purpuau  is  scr\'cd  by  these 
glands  of  Brunner;  an  extract  of  the  glands  is  said'  to  digest  fibrin  in 
the  presence  of  an  acid*." 

Ti»  vuii  "  '^'"^  "'■"'  ^^^^  '"^  "''^^  '"^^  ''^^'"  *"  'J'*^*'*"*  *nii 

and  in  different  parts  of  the  intestine  of  the  sai 

animal;    each   villus,   moreover,  varies  in  form  at  different   limes; 

they  may  be  generally  described  as  having  Che  shape  of  a  flattened 

finger,  but  are  frequently  broader  at  the  u-ee  end  than  at  the  bow; 

they  have,  in  man,  a  length  of  about  1  mm,  and  a  breadth  of  from 

0'2  niui.  to '5  inni.'"     The  villi  are,  like  the  mucous  nieinbmne  in 

general,  composed  of  lymphoid   connective    tissue  covered    with    a 

columnar  epithelium  of  Homewliat  peculiar  character,  amongst  which 

goblet  cells  occur,  resting  on  a  basement  membrane  composed  of 

flattened  cells.     Between  the  bases  of  the  columnar  cells  are  se«D 

'  cells  with  a  relatively  small  quantity  of  celUsubstaoce  round  the 

nucleus;  these  have  been  taken  to  be  resei-ve  or  replacement  coUs,'* 

and  in  addition  to  these  numerous  lymph  corpuscles. 

Elach  villuB  contains  a  central  lymphatic  vessel,  or  lacteal,  vrbicli 
at  its  upper  end  is  club-shaped  and  at  its  baee  communicates  with 
the  lymphatics  of  the  mucous  membrane.  KxtemnI  to  the  central 
lympnatic  are  fine  bundles  of  invoiuntaiy  muscular  fibres,  which  aK- 
continuous  with  those  of  the  iniisculuris  mucoste,  and  the  eontracliuii 
of  which  will  ut-cessarily  tend  to  compress  tlic  couteiita  of  the  lacteal. 
Still  more  external,  i.e.  between  the  layer  of  muscular  fibres  and  tb« 
boKcment  membrane,  arc  a  email  artery  and  vein  (conducting  blood 
to  and  (rom  the  villus  aud  communicatiug  with  laigor  vessels  iu  thv 
8ubmticou!ii  tissue)  and  a  i>lcxu»  of  capillaries  eatablisbing  a  comniuni- 
cation  between  them.  Ihe  space  between  the  basement  moinbranf 
and  the  central  lacteal  is  occupied  by  adenoid  tissue,  t>.  by  a  rutifonn 
or  reticular  connective  tissue,  the  meshes  of  which  are  occupied  bv 
leucocytes. 

>  p.  Oriiuner,  PflSlger^  Anhiv,  ToL  zu.  (1876).  p.  390. 

*  Poster,  op.  eit.  p.  449.  *  FmIcc,  op.  cf(.  f.  Ut. 

•  Ibid.  p.  U7. 
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Skct.  2.    Tbe  Retiform  ok  Rsticclar  (Adksoid)  Coxsective 
Tissue  ok  the  Intestikal  Mucous  Membrane. 

Th«  various  Htnictures  wliich  occupy  the  iniiroiis  membrane  of 
the  inteBtUiti  are  imbedded  in.  and  aru  supported  by,  a  framework  of 
the  particular  variety  of  cgnnectivc  tissue  which  in  known  as  retiforra 
or  reticular  tissue — a  tissue  which  .serven  a  similar  function  !□  the 
lymphatic  glands  and  some  other  organs.  "  It  ia  compoecd  of  a  veiv 
fine  network  or  reticulum  of  connective- tissue  fibres,  which  in  their 
behaviour  to  staining  reagents  and  in  their  genvral  microscopic 
appearance  closely  resemble  the  white  tibrea  of  areolar  tissue'," 

It  was,  until  lately,  bohovod  that  the  notwork  of  librea  of  reticuliir  tinaiie 
are  ori^nntly  formed  hy  the  union  of  tlie  prcice^uteA  of  oonnocUvn  limut; 
cellti,  and  as  a  reftult  of  tranAforniHtious  of  the  pmto|iliwiii  of  th«M.'.  Hiia 
view  is  prob«bIj  iacon-cct.  The  fixed  coUs  of  tlia  tiaane,  which  were 
aappoaed  to  be  the  ccntnw  from  which  the  aiumtoniiMiiij;  (litres  biok  thi-ir 
origin,  are  now  helieviKl  to  be  merely  "apptiei!  to  urid  wmpfibd  murid  the 
•trands  of  th«  &«twork,  which  rony  thus  be  in  jpvAt  tatusan  concealed  by 
the  coUh.  Th«  tissue  then  appears  fonued  of  a  network  of  branching  and 
anaatoniOBing  oellii,  and  whs  for  a  long  time  so  degoribed,  but  if  lh«  cells 
are  brualie*!  away  oi-  otiierwiae  removwi,  as  ky  a  8h«rt  treatment  with 
dilute  alkali,  the  fibrt-s  of  thv  niticulum  como  doariy  into  view.  The  true 
structure  of  the  tissue  was  first  pointed  out  by  Biizozero*."  The  fibr«a  cd* 
retifomi  conn«ctiv«  tis«tt«  are  probubly  in  no  Mnsc  developed  from  the 
protoplasm  of  conuectivo  tissuv  cells,  but  aie  produced  by  cliangee  occurring 
in  the  original  ground  substance. 

"Tbe  view  which  nupposM  that  a  direct  eonvonion  of  Ihei  protoplasm 
of  till-  connective  tissue  cella  takoa  place  into  fibres,  both  white  and  flastic, 
has  of  lute  yean  bean  widely  adopted,  but  it  M-ems  to  rest  largely  upon  a 
desire  to  intenrat  tim  twst  in  acoordanoe  with  the  oonotvttoti  {origjually 
formulated  by  Beale  and  H.  Schultze),  according  to  which  every  part  of 
an  organised  body  consists  eithi^  of  protoplasm  (formalivt;  matt(.-r),  or  of 
ntaterial  whiL'li  has  \m*a  protoplasm  (formed  material);  tho  idea  of  a 
de^ioftition  or  chaitae  occuri'ing  outside  the  cells  in  the  intercellular 
substance  being  exuudvtl.  It  is,  however,  not  difficult  to  shew  that  a 
formation  of  fibres  may  occur  in  the  animal  oTjjaniani  without  a  direct 
trauiifonuation  of  protonlaam,  although  tho  mftterisls  for  sn«h  formation 
may  l»e  furnished  by  cells.  Thus  in  thoee  oesleuterates  in  which  a  low 
form  of  ooDueotive  tissue  tint  niakea  its  appearanoe  this  is  distinguished 
by  a  total  abwinou  of  cellular  elements,  a  ground-subatanee  only  being 
develoiied  and  fibres  becoming  formed  ia  it.  Again,  the  fibres  of  the 
shell-menibrane  of  the  bird's  egg  are  certsdnly  not  formed  by  the  direet 
coavenioo  of  the  protoplasm  of  the  oelb  which  line  the  ovidoct,  although 
they  aro  fomed  in  uattor  socreted  by  tfacae  odb,  and  it  is  through  thor 
agency  that  the  deposit  occurs  in  a  flbroas  form  "  (E.  A.  Scbiifer'). 

■  K.  A.  tiehifer,  •  Qeoaral  Anatomjr  and  Hiitolocy,'  Part  n.  of  Vol.  1  (ate  p.  S«9)  et ' 
Qnaln'4  Jnatnw,  LondoB,  Longmsni.  Che«a  and  Co.,  UWl. 
*  E.  A.  Sdriuir.  ap.etLf.itO. 
»  X.  A.  SeUiv.  ep.  elt.  p.  MS. 


a 


S6 


+02 


THE  RETIFOBM  TISSUE  OF  THE  INTESTINE.  [BOOK  tl- 


Usui    M- 


In  lymphatic  glanrlR,  bs  well  as  in  the  mncous  meinbraiie  of  the 
intestine,  the  roeahes  of  reticular  tissue  contaia  cells  which  closeljT^ 
resemble  the  rnlniirlesa  cells  of  the  blond  and  Df  the  lymph.  The 
are  denominated  lymphoid  cells  and  the  term  adenoid  or  lymphoid 
connective  tissue  is  applied  to  the  retiform  or  reticular  tissue  in  the 
above  situations. 

In  the  couree  of  his  researches  on  the  «tructupe 
reticular  or  retiform  tissue,  F.  P.  Mall  w«a  led  to  the 
conclusion,  lately  abundaatly  justified,  that  the  fibres  are  not 
identical  in  chemical  composition  with  the  white  fibres  of  areolar 
tissue.  He  was  at  tirst  inclined'  t^i  look  upon  them  as  composed  of 
a  FiubRtance  closely  resembling  elastin,  though  he  subsequently 
arrived  at  the  correct  conclusion  that  the  substance  is  neither 
identical  with  thut  of  white  nor  of  yellow  elastic  fibres*.  F.  Mi 
having  subjected  reticular  tissue  to  the  action  of  boiling  water  for' 
long  jperiuas,  found  that  the  Bijueouti  extracts  did  uot  gelatiube. 
He  discovorod,  however,  the  fact  that  reticular  tissue  is  uot  affected 
by  long  digestion  with  trypsin, 

E.  i.  yomif-i  Under  the  direction  of  Professor  Halliburton.  Young 
TttMnHn.  re-investigated  the  question  as  to  whether  reticular 
tissue  is  identical  with,  or  difiora  from,  wliite  fibrous  tissue.  He 
shewed  that  Mall  hod  been  led  into  error  in  supposing  that  when 
reticular  tissue  is  boiled,  no  gelatin  is  formed,  but  he  uuforluoatcly 
allowed  himself  to  arrive  at  a  conclusion  which  was  not  warranted 
by  the  foctji  (Uscovered  and  which  tended  Co  obscure  the  perfectly 
correct  opinion  which  Mall  had  formed  as  to  the  individtiality  of 
reticular  tissue. 

Young  summarised  his  rescarclics  as  follows:  "The  general 
outcome  of  this  research  in  that  retiform  tissue  as  contained  in  the 
alimentary  mucous  membrane  and  lymphatic  glands  yields  a  smalt 
amount  of  gelatin,  which  is  however  capable  of  being  estimated 
quantitatively.  There  are  therefore  no  grounds  for  supposing  with 
jlall  that  the  fibres  which  compose  the  reticulum  are  ditfereut  frotu 
the  white  fibres  in  other  connective  tissues.  Uicrowopically  they 
have  the  wune  characteristics,  and  the  present  research  shows  that 
they  are  aldo  the  same  in  chemical  compo&iUou*." 

SMffHed's  lo  s  dissertation  published  at  the  close  of  the  yew 

"•"*'**^*^  1892*.  Siegfried  shewed  that  the  purified  reticular 
tisflue  of  the  intestine  is,  aa  Mall  had  supposed,  entirely  distinct  in 
chemical   compusition  from  white  fibrous  tissue.     When  boiled  in 

I  F.  P.  Hall,  'IM«  filal-  nnd  I.,vmphireg«  itn  DOnndAnn  d^t  Ritndm.'  JbAatMlt.  d. 
miah.-plm.  CI.  4.  iOnigL  *iUlu,  tin.  it.  11' f«.  Vol.  iiv.  {\9SJi.  No.  nt. 

*  F.  P.  M&ll.  *  Du  retioalim  Gewobe.'  /Wd.  Vol.  ivu.  (inili.  No.  ii». 

*  B.  A.  Youne.  B.Sc,  •  Tlie  Pllirw  o*  B«ti(oinn  Ti«ue."  (trom  Uie  Pliy»iol_, 
I«boi»toiT,  Eiagfl  Collc^,  London),  Journal  of  Phgntiiam.  Tol.  xiii.  (IdMt.  poT: 
-a84. 

*  Di  Uax  &i«^fri#d.  'Ue)icT  die  chffiniMhcD    Eif:on»cbkR«n  ^4*  KticaUnoB   0*- 
mbM'  (BAbUiUtlODMclmft,  &«.},  Lelpng.  Dea.  1692. 
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water  for  a  period  of  only  20  minutes  it  splits  up,  with  the  formation 
of  a  powdery,  pboephoni»-coutAinukg  proleiu,  reticuUu,  a  small 
(luuntity  of  gelatin  being  formed  at  the  same  time.  Reticular  tissue 
thus  apjpears  to  be  fonued,  either  of  a  tnicroscopicoUr  uudistiuffuiah- 
ahle  mixture  of  reticulia  and  collagen  (a  view  wbicfi,  iu  additiim  to 
itA  inherent  improbnbiUty,  ia  disproved  by  the  fact  that  colla^'ii  do«a 
not.  like  reticular  tissue,  yield  gelatin  when  m(.-R<ly  boiled  for 
20  minutes),  or  of  a  subabuice  which  when  boiled  with*  water  ^plita 
up  into  rcticulin  and  gelatin.  It  u*  thus  aa  different  irom  woite 
librous  tissue  u  it  is  from  elastia. 


Pr«pu«tl<n 
of  porlfiwl  r«- 
tUorm  ama 
rram  t)>«  tntM- 

UnaJ     anooaa 


TTie  mucous  membrane  of  the  pig's  inteiitiDe  ii-i^ 
employed  for  the  propamtion  of  pure  reticular  tiMUl^.| 
iu  preference  to  tout  of  other  aoiuials.  bei-ause  of  its 
comparative   freedom    from  yellow    olaj:tic  and  whtt'V 
Bbrous  ti!»uL-.     A  Hcpamliou  of  the  mucous  membrane 
from  the  oubmueosa  is  very  readily  effected.    The  raw 
mucous  mcmbrune  (Siegfried  employed  each  time  tlwt  obtained  from 
the  intestines  of  from  M  to  17  pigs)  is  broken  up  and  washed  in  large 
quantities  nf  water,  during  which  process  any  accidentallv  wlbering 
uagments  of  nubinucous  ttwiue  nn>  further  aeparated.     I'hen  it  is 
difi^edted  at  a  temperature  of  37"  C.  with  a  solution  of  trypsin  con* 
taming  XaHCO^  and  Na,CO,',  thymol  or  chloroform  being  employed 
Ut  prevent  decomposition.    By  this  process  of  (ligation,  thi:  Irmphoid 
cells  are  got  rid  of,  iheir  protoplasm  Ix'ing  liissolved,  whilst  their 
auck'i  urc  partly  dissolved  by  the  alkaline  solution  and  partly  remain 
8usp(<udud  iu  it     At  the  end  of  forty-eight  hours,  the  tissue  which 
has  been  subjected  to  this  proceas  is  poured  into  open  vossela  and  i« 
stirre')  and  kneaded  with  targe  (|uantiti«s  of  water  which  are  fr&> 
quontly  renewed.   In  order  to  separate  it  lirom  water,  without  eontaroi- 
uation  with  accidental  impurities,  the  tiraue  is  c'entrifu;.'aliiied  and 
then  repeatedly  treated  with  alcohol  and  again  ceutritugalised.    The 
tissue,  which   has  been  thus  freed  from  water,  is  placed   in  larao. 
Soxhlet   fnt'Oxtmcting    apparatuses   and    dijrosted   with  etbor  lorj 
•ereraJ  days.     Having  been  thus  freed  from  fat^  it  is  ugain  digested! 
during  a   period   of  4S  hours   with  a  more  eoncentmted   trypsiu 
solution   than    was   employed    the   linib  time.     Tlie   washing   with 
water,  alcohol,  and  ether  is  repeated  as  before,  when  the  reticular 
tissue  in  obtained  in  strauds  of  a  light-grey  colour,  which  swell  up 
in  water,  foroiing  delicate  porous  membranes  pumessiiig  the  struetura 
of  the  original  mucous  membrane.     When  examined  microscopically,] 
these  membranes  appear  to  bo  coraposed  of  pure  reticular  tissue,  fraaj 
(iom  the  white  fibres  of  connective  Uasue  and  from  lymph  cells. 

■  til«sfried  atnployod  3A  to  SQ  iniM.  of  tha  aa-GaUad  imjf  sellvc)  /mtterMtXin  rasAs 
l>7  Vuki,  D«TJs  and  Co.  ol  Datxitt,  C.S.A..  60  grm*.  or  HsBCO,.  tome  NsjCO.  snd 
W  litna  of  wstor, 
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chemical  pro- 
iwrtUB  or  rrtl- 
cnlliL 


PrepuMloii  When  purified  reticular  tissue  is  boiled  vritli  water 

or  rtUcnUn.  f^^  gp  niinutfis,  or  oven  only  for  15  minutes,  it  loses  its 
structure  nod  becomes  convfrtcd  into  a  light  powJury  btxly.  If  the 
liquid  be  filtered  and  the  clear  filtrate  concentratod  aad  then  cooled 
it  uelatini»es.  'Vhr.  .solution  ansvrem  to  all  tbo  tests  for  gelatin,  of 
which  the  quantity  formed  is,  however,  very  amall. 

The  powdery  body  above  referred  to,  having  hoen  repeatedly 
boiled  wjth  water,  is  thoroughly  washed,  first  with  water,  afterwardi* 
with  alcohol,  lastly  with  ether;  it  is  then  dried,  either  at  llO'C.  or 
at  the  temperature  of  the  air  over  sulphuric  acid. 

Reticulin  is  insohible  in  water,  alcohol,  ether,  oon- 
contrated  salt -solutions,  lime  water,  solntton  of  sodium 
carbonate,  and  dilulu  miufral  acids.  Dilute  solution  of 
caustic  soda  at  ordinary  tomporatureB  requires  weeks 
to  dissolve  it.  Beticulin  gives  the  Uiurct  and  the  xaathoproteic 
reaction,  but  not  Millon'^  reaction ;  though  it  is  difficult  to  ootain  a 
preparation  so  pure  that  when  treated  with  fifillon's  reagent  it  docs 
not  assume  a  fpftble  red  colonr.  When  only  once  digMted  with 
pancrcatiu,  it  always  shews  this  reaction ;  heuce  the  reason  for  twice 
repeating  the  process,  as  directed  previously.  When  reticulin  is 
boiled  with  glacial  acetic  acid,  it  paVtly  dissilvea  and  the  solution 
exhibits  Adamkiewicz's  reaction. 

Reticulin  is  an  organic  compound  containing  carbon,  hydrogen, 
nitrogen,  sulphur,  phosphonw  and  oxygen;  it  cannot  be  obtained 
free  ft'om  ash.  The  latter  contains  sudium,  but  no  potassiuiu.  small 
quantities  of  calcium  and  magnesium,  phosphoric  acid,  chhtrine  aud 
sulphuric  acid. 

The  following  exhibits  the  mean  of  the  analyses  made  bj 
Siegfried : — 

Carbon  SS'SS 

Hydrogen  6'97 

Nitrogen  IS'tiS 

Sulphur  V8S 

Phosphorus  O'Sl 


Mineral  matters 
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Reticulin  is,  as  will  be  seen  from  the  above  data,  oharacterised 
by  a  high  percentage  of  sulphur.  When  heated,  even  for  many  days, 
with  water  at  a  temperature  of  140%  it  gives  off  no  sulpbuivttcd 
hydrogen.  The  sulphur  is,  however,  in  part  at  least,  separated  when 
reticuliu  is  boUed  with  strong  solution  of  caustic  soda  or  with  strODf 
hydrochloric  acid. 

The  phosphorus,  which  ri>ticuUn  con  tains,  is  in  organic  combinattoo, 
as  proved  by  the  following  fact.  When  1  gramme  of  reticulin  is 
digested  with  constant  iihaking  at  a  temperature  of  2d^C.  with  dilute 
nitric  acid  (containing  4'1  "/,  of  NO,. OH),  the  solution,  when  tested 
with  ammonium  molybdate,  is  found  to  contain  no  phosphoric  acid. 


CHAP.  IX.]      THE  INTESTINAL  JUICE  OR  '  SUCCUS  ENTBItlCUS.'  405 

eren  though  it  hrus  been  previously  boiled  with  concentrated  nitric 
acid.  Were  the  phoKplionts  of  reticulin  dependent  on  admixtiii'e 
with  aiicloio.  dilute  nitric  acid  would  e.xtract  from  it  metaphospboric 
acid,  aud  aftvr  boiling  with  nitric  acid  the  r«actious  uf  tribasic 
phosphoric  ftcid  would  be  obtaiued. 

When  heated  with  dihitcd  solutions  of  the  caustic  ftlltalics 
reticulin  yields  a  phosphorus- free  protcid  body  aud  a  phoBphorus- 
containing  organic  compound,  which  is  soluble  lu  chloroform  aud 
alcohol,  but  iosolublo  io  ether  or  water ;  it  is  therefoi-e  clear  that  the 
phoHphoms  of  rettculiu  is  not  due  to  a  nuclein  residue. 

PnMnoti  of  Ah  already  stated  (note  5,  p.  244)  reticulin  when 

Sm^^^Mul  "I'bjecteil  to  lone  boiling  with  stonnous  chloride  and 

ouiui  wtMi  d«-  hydrochloric  ndiT  jnelds  as  chief  products  of  deann- 

campoaeii  wiui  position,   ami  do- valerianic    acid,   besides   sulphuretted 

ttydzociiiortc  iiydrogen,  ammonia,  lysine  and  lysatiuine,  but  neither 

'"*■  laicitie  nor  tyrotim. 


Sect.  3.    Tne  Intestixal  Jl'ice  or  Suocds  Emtesicus. 

By  the  name  of  iutcatiual  juice,  or  isuccus  entericus,  we  dedignatpe 
the  liquid  which  i«  secreted  by  the  glands  found  in  the  muooug 
meuibrunc  of  the  irtnalt  iiituttbintf.  Althiiugh  we  arc  now  iu  posses* 
won  of  iutreuious  metboda  wliich  enable  us  to  make  valuable  ob«orva- 
tious  on  tlic  pn»C€99es  of  intestinal  digestion,  the  dithcultics  <if  obtain- 
iug  sufficient  qtiautitieii  of  iuteHtiiial  juice,  und^  perj'ectly  iiornuU 
amtitions,  arc  so  great  as  to  lead  ub  to  attach  ver>-  little  value  to  the 

fmbliKhud  quantitative  analyses  of  the  secretion.     Moreover,  it  seems 
ikely  that  the  intefltinal  jiiioe    is  not  absolutely  identical   in  all 
sections  of  the  intestinal  tract 

Id  the  duodenum,  for  instauee,  the  secretioa  of  the  glands  of 
LioberkUhn  is  mixed  with  that  of  the  gland*  of  Briiuncr,  the  function 
of  which  is  but  imperfectly  underBtood.  In  some  animals,  thew^ 
glands  appear  to  haTe  the  structure  and  the  functions  of  the  pyloric 
glands  of  the  stomach  ;  in  oLhen  they  probably  are  rather  auuluguus 
to  the  psDcreaaL  But  leaving  the  duodenum  out  of  the  tiuc^tion,  we 
are  already  in  posncssion  of  mct«  which  indicate  that  the  ainuunt  of 
secretion  and.  its  chemical  activities  are  by  no  means  identical  in  the 
upper  and  the  lower  reaches  (if  we  may  use  the  expression)  of  the 
inteetiual  ciumL     These  facts  will  be  referred  to  in  the  soquet 


The  itrthotU  o/  obtaining  Inteatined  Juke. 

The  earlier  workers  eithur  made  observations  on  the  contents  of' 
the  small  intcatinos  of  animals  which  had  for  a  long  time  been 
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deprived  of  food  (Tied«nuiDD  and  Omelin*.  Bidder  and  Svlimidt*). 
or  isolated  loops  of  iotcstine  in  living  aoimalfi  by  Hf^tures  and, 
having  replaced  thein  iu  tlie  abdomiuaf  cavity,  for  a  period  of  4 — 6 
hoiire,  examined  the  fluid  which  had  accumulated  and  which  they 
took  to  represent  the  normal  intestinal  spcretion  (Frericha)*.  If  we 
esct^pt  the  observationa  made  on  somu  caaeH  of  intestinal  fistula  in 
man,  especially  those  of  Buach  and  Dfuiiant.  otir  knowledge  of  the 
intestinal  Jnice  has  been  obtained  almost  entirely  by  tbo  aid  of  the 
experimental  methods  densed  by  Thiry  and  by  Vella. 

Thiry*  conceived  the  remarkably  ingeniouB  idea  of 
isolating  a  portion  from  the  re»t  of  the  small  iutestine, 
and  eetablisbing  a  fihtuloiis  aperture  between  the  isolated  piece  and 
the  abdominal  wall.  An  incision  having  been  made  in  the  tinea 
alba  of  a  fasting  dog,  and  the  abdominal  cavitv  having  been  oj»ened. 
a  coil  of  intestine  \s  drawn  out,  and  is  caTefully  cut  across  at  points 
10  to  15  cms.  distant  front  ono  another,  care  being  taken  that  nc> 
large  vessels  pass  between  the  intestine  nud  the  mesentery  where 
the  iucisious  aie  made.  Avoiding  injmy  to  ili«  mesentery,  the 
upper  and  tbe  lower  ends  of  the  mteetinal  tube,  from  which  tho 
above  segment  has  been  eliminated,  are  now  most  carefully  unit«i 
by  interrupted  sutures,  the  continuity  of  tho  alimentary  canal  being 
thus  re-established.  The  serond  part  of  the  operation  now  com- 
Dieoces.  One  end  of  the  resected  intestine  is  closed  by  a  series  of 
sutures;  tbe  other  end  is  then  stitcbed  to  the  upper>or  the  lower 
end  of  the  incision  in  the  abdominal  wall.  Thus  is  established 
a  cut  de  sac  communicating  with  the  exterior  of  the  body,  and 
the  walla  of  which  are  composed  of  intestinal  mncouB  membrane. 
Although  Tbiry's  operations  were  performed  without  antiseptic 
precBution^!,  recovery  occurred  in  several  caaee.  Uuder  our  preMDt 
conditions,  if  peribrmed  by  a  competent  operator,  the  operation  wonid 
almost  invariably  result  in  tbe  recovery  of  the  animal. 

veiia'i  aonbu         Tbiry's  origiuul  operation  baa  been  abandoned  ia 
a«tui*.  favour  of  an  iugeuious  modification  lirst  dovisod  and 

carried  out  by  Vella*.    As  the  procedure  is  one  of  great  practical 


>  Ticdnuann  uid  OnuUn,  iK<  Ftrdauunf  nath  Vcnuthen,  T«l.  i.  pp.  tOS — 108  Ml 
pp.  IM— lfi2. 

'  8idid«r  and  Selimidt,   Dit    I'erdauvngttllfU    viu!  dtr  Sl^trtthnel,    MlbUi  oaA 
LeipziR.  1W2.  p-  2IH)  rl  trq. 

'  Frerioh*.  article '  Terdsuung '  in  Wagner'H  llanttKOrttttaieh  A.  Ptlj/tiolofie,  ToL  B. 
p.  8C1. 

*  TbIiT<  '  UobcT  eLao  ncoe  Metbodc,  flea  DCinndum  za  iaolioraa.'     SiUun 
n'itner  Akadtmif,  Vol.  l.  (IS'l-l),  ]>.  77. 

"  Laitwig  Vella,  '  Ein  neiien  VerfAhrcn  zur  Gewinniing  reinmi  D«niUftftM  bbJ  ' 
Feit£t«lIiiB4'  sein«r  pliyHioloKuialien  EigtDBcbaften,' UoleeahoU'B  T ' i  'rrnif  Umy ni.  VoL 
xiu.  |1>^S1).  p.  40;  'NoiiTelle  m^thode  poor  i>bl«Dif  le  sun  eatAriqu*  yat  •(  pm 
rn  fixnr  lei  [iru|>ri6lvH  pliysloloinQiies  (B^mmf).'  Arcliiret  Itiilieixtui  de  Bialogta,  VoL  L 
4lt<'^l)<  p<  2-il.  Ttiu  fint  papur,  wbiub  (he  Aullior  liaa  tiut  tmt,  in*  aslitW 
'  Huovn  iDi-tu>ilo  ptr  nTcrv  Jl  euocu  euterico  jriuu  i;  atabilirue  le  propcivil  Inioloflchi' 
iUtiorkr  J^H'  Accajcmin  tUllr  Sci<'i:e  JtlV  Ittituto  ili  Setogm,  8w.  4«  Tdm.  K 
Fmc  8*. 
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im|)ortance  to  the  physiologitit  and  the  phsnnacokigist,  the  Author 
thinbB  it  uflofut  to  describe  the  operatioo  in  detail  and  to  meotioti 
modifications  which  experience  hsa  shewn  to  be  Decesmry  aod  to 
Icnil  U)  almost  invaiiaMe  success. 

Tht'  abdominal  wa)l  of  a  fasting  dog  (preferably  a  bitch)  is  shaved 
and  thorouglily  disintectei.i  by  repcfttea  wiishing  with  Map  and  water 
and  then  scnibbing  irith  a  1  per  mille  aolution  of  corroaire  sublimate. 
The  instruments  to  be  employed  are  sterilised  and  the  operator  nnd 
assistants  observe  the  ulricteat  rutea  of  uutiseptic  siirj,fn-.  The 
animal  having  been  deeply  aDweth^tised.  by  mewis  of  morphia  and 
chlorofoni),  an  incision,  about  5  centimetres  long,  is  made  through 
the  nbdomtnal  wall,  in  the  lines  albn.  A  thoroughly  liU^rilised  pieoe 
of  iiut,  or  linen,  is  then  wning  out  of  n  sterilised  Kolutiou  containing 
O'G  per  cent,  of  NaCl  and  &  per  cent,  of  carbolic  acid,  at  a  tempera- 
ture of  40°  C,  and  this  is  placed  over  the  abdominal  wall  of  tbe  dog. 
The  operator  then  proceeds  to  select  the  part  of  the  intestine  where 
the  fistula  is  to  be  estabUshed.  Drawing  out  a  loop  inchidiog  the 
Hcletrteil  portion,  he  protects  it  from  atmospheric  impurities  and,  so 
far  as  possible,  pruventa  too  crt-at  a  luwcring  of  tctnperalure.  by 
covering  it  with  cottou  or  hneu  cloths  wrung  out  of  the  warm 
Antiseptic  solution.  Tbe  portion  of  inteatinc  to  be  isolated  may 
be  between  2O0  and  fiOO  millimetres  in  lengtli,  though  the  difficulties 
are  much  greater  in  the  latter  than  the  former  case.  The  lirtt  stage 
of  the  operation  is  performed  as  describeil  previously  (Thiry's  figtnla). 
Tlie  second  stagu  ia,  however,  diff«;r«nt  and  present*  greater  diffi- 
cultieJ!.  Instead  of  closing,  by  sutures,  one  end  of  the  isolated 
portion  of  intestine,  and  establishing  a  cui  dc  aac,  its  two  ends  are 
separately  sewn  to  the  iucieioti  in  the  muscular  wail  of  the  abdomen, 
one  in  Iront  of  the  other.  Two  openings  arc  thus  established,  one  in 
front  uf  the  other,  of  which  one  comiiuinicates  with  the  proximal  and 
the  other  with  the  distal  portion  of  the  lEotated  intestinal  tube. 

The  operation  of  fixing  the  ends  of  the  intestine  lo  the  incisiou 
in  the  abdominal  wall  is  facilitated  by  previi-iusly  passing  long 
ligatures  through  either  end.  These  serve  to  pull  upon,  and  to  hold, 
the  ends  in  any  required  pontion  and  to  prevent  tbeir  slipping  back 
into  the  abdomiDBl  cavity  during  the  operation.  It  is  highly  advi- 
Hablf>,  also,  befon  procMding  to  fix  the  twn  cnd«,  i.e.  as  the  very  fint 
step  in  the  aocond  stage  of  the  operation,  to  make  a  longitudinal 
inciaitm  about  two  centimetres  in  length  through  the  walls  of  each 
end  of  the  gut  and  then  to  pass  sntiirwi  ihrougn  the  peritoneal  coat 
a  little  distance  on  either  side  uf  this  incision.  By  tinng  these,  the 
lumen  of  the  gut  in  narrowed  ut  both  vnAn,  tbe  objeeC  being  to 
prevent  prolapsus  of  the  intestinal  mucous  membmne;  an  event 
which  otherwise  invariably  occurs  both  in  the  case  of  Tbirv's  and 
Vella's  Bstuls»,  at  periods  varying  between  two  or  throe  months  from 
the  opomtion*. 

'  Jii  tbt  ))naral  i1ri«  tli*  Aiitlior  t*  rapniaciiURg  on  »  doR  in  vbiob  s  Vetla'« 
tt«luk  vtu  HtabllklMd  tm  Jan.  5,  1998,  lb«  prxsuUon  of  Etwrvwing  Uw  rhI  M  lu 
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Tlie  following  detAils  must  be  remembered  in  fixiuf;  the  ends  of 
the  inteRtine  to  the  incision.  On  no  account  must  the  snturce  poas 
through  the  free  edge  nf  the  two  ends  of  the  gut;  tliey  iiboulu  on 
the  coutrar;  pass  tlirough  the  peritoneal  wall  of  the  gut  about  8  mm. 
from  the  free  edge  and  then  through  the  edges  of  the  muscular 
wound.  lu  this  way  tlie  two  frvo  end^  of  the  gut  project  a  little 
above  the  bottom  of  llie  wound  and  after  the  process  of  healing  ia 
complete  two  perfectly  occcssiMu  Btitulous  upurturcs  are  establisn^d. 
For  two  or  three  diijs  after  the  ojieratiou  dogs  which  have  been 
subjected  to  the  operative  procedure  above  dcficribed  should  onlj 
be  HuppHed  with  water.  Abiiut  the  third  day  they  may  be  placed 
on  a  milk  diet,  which  should  be  continued,  at  least,  until  the  boweU 
have  been  movetl.  If  the  dog  be  then  apnarently  normal  it  may  be 
placed  on  an  ordinary  diet.  To  conclude  the  descriptiou  of  the 
operation  and  the  treatmeut  of  the  dog  it  may  be  added  that  the 
one  essential  to  success,  which  is  almost  invarinble\  is  the  performaDC* 
of  the  operation  under  the  strictest  antiseptic  precautious ;  wbeo 
completed,  however,  no  dressings  should  bo  applied  to  tho  wound. 
In  tne  course  of  about  a  week  it  will  be  nearly,  if  DOl  complettjy, 
healed  and  observations  luav  be  commenced. 


The  Secretion  of  ItUestinal  Juice  and  the  Ccmditiona  wMoA 

itijlweiice  it. 

Although  the  statements  of  authors  are  not  absolutely  concordaet, 
nearly  all  who  have  made  observations,  either  on  pathological  fistuls 
in  mail,  or  »n  dog.'i  with  tistulie  established  either  by  the  methods  of 
Thiry  or  of  Vella,  agree  in  saying  that  iu  the  abaeoce  of  chemical 
ineehn.nio.ll,  nr  electrical,  stimuli,  either  no  secretion  is  poured  ont  by 
the  intestinal  mucous  uienibraiie  or.  at  inoHt,  a  very  small  amotint. 

W.  Busch*,  who  studied  the  secretion  of  the  intestiniO  juioe  in  a 
woman  with  a  fistula  of  the  upper  part  of  the  small  intestine,  found 
that  in  the  absence  of  stimuli,  .in  little  fluid  was  secreted  that  il  «ai 
not  able  thoroughly  to  moisten  a  small  piece  of  litmus  paper  inacrtod 
into  the  gut.  Deiuant',  on  the  other  hand,  who  made  observations 
on  an  intestinal  fbtula  iu  a  man  (affectiar/,  it  would  appear,  the  lotetr 
part  of  the  smalt  inteatine),  observed  a  very  scanty  secretion,  in  the 

Citminitiea  in  tb«  manner  iibgvs  dc»crilK(l  li&vtnK  he«a  taken.     The  sucmm  of  tba 

(iroeedara  has  bo«n  abtnluto,  not  t)i«  eliijiitcM  ]>rutupB\iii  u(  tli«  maooua  mnuUMK 
MLnng  voBUTtvil  (Jaly  2%.  ISiiSJ. 

>  H(]«  ({ninl  i«  tho  iiillu(>nr«  -T  aDtiAnpluc  mcillimli  on  tba  noem  oF  Am  afad- 
ntpntftl  iih.vntnlDRiBl  i*  proved  by  th<i  lueX  Ibut  vrLeivKii  it  tbdjr  are  idoptsd  daub  w  ■ 
tMiiU  ol  entablishinx  a  Vclla  fiAlnk  h  vi<r>'  rare,  uiiiiuut  tLem  iha  monality  U  *■; 
hi^.  L2  out  of  19  doge  opemted  upon  by  Vutia  haviug  died  froia  the  iimiMdiate  nOT)^ 
of  the  o|)orACi<in. 

'  Vml.  W.  BiiHcb, '  Beitni(>  mr  Pbysiotogie  d.  VcTdnuungiOTgane,'  VuxkoV*  JfrW, 


Vol.  itv.  (IfWB).  jm,  HO— 18U, 


.i<ber  dio  Wiikuii(!  dea  menaoliUoben  SumaaitiL    VirelKniNi  Atdkm. 
Vol.  LMT.  tl87t»l,  jp.  *1U— 430. 


CBAF,  IX.]  CONDITIONS  ISFLnENClNQ  SECECTIOK  OF  IKTES.  JCICE.    4(19 

ab«CQOQ  of  iitJinuU  and  in  the  faHting  condition,  but  the  secretion 
became  much  more  abundant  after  food.  Thiry',  Quincke',  MaaloflP, 
Oumilewskj*,  Vella^  all  snbatantlatly  agree  in  atal^Dg  that  in  the 
ab^encf!  of  dtimuli  the  secretion  of  the  int«stiQa1  juice  i»  either  in 
abeyance  or  at  most  very  Hcanty.  Whether  the  secretion  be  com- 
pletely absent  or  only  scanty,  during  the  resting  and  fnsting  con- 
ditioiiit,  there  can  be  no  doubt  tJiat  after  food  has  wvn  tuken  ftecretion 
occiire,  though  not  immediately,  the  amount  probably  iacrcasing  up 
to  the  6th  or  7th  hour  of  digestion'.  We  are  not  as  vet  in  puiiacsunu 
of  data  as  to  tht>  amount  of  aecretion  poured  out  by  differt?nt  scgraonts 
of  tbu  intestinal  mucous  membrane  during  the  digestive  act  The 
difficutties  of  the  investigation  are  remarkably  great  and,  indeed, 
appear  almost  innuperable.  It  is  obvious  that  the  secretion  nonrod 
out,  during  digestion,  by  an  isolated  portion  of  the  inlfstine  wliicb  is 
not  affected  by  the  normal  stimulus  atfordod  by  the  intestinal  con- 
tents can  only  imperfectly,  if  at  all,  (juantitatively  represent  the 
process  going  on  in  the  rest  of  the  intestine 

Riihmaim,  from  comparative  observations  on  three  dogs  with 
Vellu-fistulat,  as  well  as  Irom  an  examination  of  the  data  of  previous 
observers,  has  established  a  strong  presumption  in  fiivour  of  the  view 
that  the  secretion  of  inte-stinal  juice  is  much  more  abundant  in  the 
tower  than  the  upper  part  of  the  small  intestine'. 

EiAcuoim*-  Xhc  mere  iulroduction  of  a  catheter  or  pieces  of 
'^iiin!^  *H*  spcmge  into  the  gut,  through  a  VeMa^iistula,  is  suilirient 
muiAUon ofuia  *"  provoke  a  secretion  uf  the  inteatinal  juice.  The 
mucoui  iDun-  muooun  membrane  forming  the  edges  nf  the  ftstula 
i>rui«.  becomes  injected  and  from  time  to  time  small  drops  of 

liquid,  mixed  at  first  with  masses  nf  mucus,  rich  in  exuviated 
epithelium,  exnde.  The  amount  and  character  of  the  mucus  depend, 
in  no  small  degree,  upon  the  intensity  of  the  etimuhuit,  which  very 
readily  gives  rise  to  a  pathological  reaction. 

Tbiry.  by  meclianical  stimulation  of  a  fistula,  obtained  from  a 
surface  uf  intestine  estimated  at  30  square  centimetres,  secretion  at 
the  rate  of  4  grms.  per  hour.  Other  observers  obtained  smaller 
amounts;  but  the  data  possess  no  value, seeing  that  the  stimuli  were 
of  unknown  intensity  and  provokwl  a  secretion  which  wa»  probably 
abnormal  in  amount,  and  certainly  abnormal  in  character. 

'  IMt;,  '  U*b*T  cli»  neuo  Itethodi,  to.'  (we  p.  400). 

■  Qoitulw,  '  Vtbwr  dia  AuMcbaidtiag  rou  AtuirittoOen  dnrah  die  Dunucbleiin' 
lUMt,'  Archiv/Vr  AiM.  d.  PhfiiaL  1M8,  pp.  ISO— 1^. 

*  A.  HmMI,  'Zoi  p*tn "-i »""  jiJm. nuif , '  Vnt^melmmftn  «.  J.  phtftM.  Imlitute  tu 
Bri*ua*rv.  n.  t1Vi3),  v^  S9O-»0«,  •««  p.  HOO. 

«  Oamlkwtti,  Pfl(ifl«-'i  JrcAtir,  T»L  nnx.  |tB(H),  p.  U0. 

•  VaUa,  m.  eit.  (m«  nfareneea,  k.  MM). 

•  Bridntuin. '  PhjtiDloeie  d.  AMODdtranearoriiiisa.'  HmiMUtn'i  Handbmth,  Vol.  v. 
1.  p.  ITO. 

*  Dr  P.  BOhmann. '  Ucber  SMtretian  and  Reanaptira  in  DSnodvin '  I'Am  d.  plijfiol. 
Inttilnl  so  Bnilsa),  PSdecr'*  Arthiv.  Vol.  xui.  (I6U7|.  pp.  ill— 46>. 
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Electrical  stimulatioD  of  tbo  mucous  membrane  powerfullj' 
excites  the  flow  of  iuli-sliua!  juice  (Tliiry).  but  here  agaiD  it  ix 
obvious  thftt  wc  havft  no  guarantee  that  the  liquid  secreted  preserves 
its  normal  cbaTHctere. 

L«uret  and  Lassaij^nie  applying  acetic  acid  to  the 
intestinal  mticous  membrane  obscn'ed  secretion  to 
follow'.  The  researches  of  F.  Rohmann  have  proved 
very  conclneively  that,  aolutiaoa  of  starch,  sugars  and 
peptones  into  the    inte^ine  provoke  the  Becrction   of 

intestinal  juice.  Rnd  thetie  observations  the  Author  can  independently 

confirm. 

By  injecting  pitocarpin  into  the  blood,  VcUft,  and 
tU  afterwarrla  MHsIoff,  obtained  a  tolerably  abundant  flow 
■•"  of  apparently  nonnal  intestinal  juice.  In  A  doff  with  a 
fistula,  Vella  obtained,  under  the  iuduencc  of  pilocarpia, 
14  C.C.  of  intestinal  juico  in  ^;>  minutes,  and  on  auotber  occaaioo 
18  grma.  in  one  hour.  MfLiloff,  after  an  injection  of  O-Ol  grm,  of 
hydrochloraCe  of  pilocarpin,  obtained  from  one  fistula  40  c.c.  of  succni 
entericiiti  in  2  hourK.  That  the  result  i»  one  which  is  not  obtnioed 
under  all  conditions  is  shewn  by  an  experiment  made  by  the  Author. 
To  a  dog,  with  a  Vella  fistula  of  the  upper  part  of  the  jejunum,  but 
which  had  hetm  fasting  for  24  hours,  he  administered  0"07  grm.  of 
hydruchlorate  of  pilocarpin  by  subcutaneous  injection,  and  although 
abundant  salivation  nith  How  of  the  naiml  and  lacbr\'uial  Recretions 
occurred,  uc»  accrctiou  whatvvur  of  iutcMtinal  juice  followed.  The 
anomalous  result  iu  this  case  may  have  been  due  either  to  the  bet 
that  the  portion  of  the  intestine  oxperimcnted  upon  wat*  situated 
at  the  very  commeucenien I  of  the  jejunum,  whilst  in  Vclla's  and 
MaalotT'a  caaes  it  wixr  probably  low  dovfu,  or  that  iu  the  ftuting 
condition,  the  inte.tttne  U  unable  to  secrete  intestinal  juice,  even 
under  the  iuSncnce  of  pilocarpine*, 

Thiry  found  that  stimulation  of  the  vagi  had  uo 
oflfect  on  the  secretion  of  LuteatiuAl  juice.  Budge* 
observed  after  extirpation  of  the  coeliac  and  mesenteric 
plexuses  An  increase  of  the  secretion.  Uis  observatioDS 
were  confirmed  by  La.mauBky\though  Adrian*  obtained 
negative  results  in  tbc  cose  of  dogs.    Subsequently, 


luflu^Jice  of 
Qbrvoua  lyntem 
(ML  nitcatlAAl 
secraUon.  Mo- 
r«Au'B  •xp«Tt- 
mrat.  Pu-alT- 
t)c  iccroUouL 


'  Leurnt  el  LiUMisnd,  Rrchftr.hn  pbytinhslquni  <rl  rhfmiqiir*  pawr  tmfr  a  tUmtif* 
df  U  tU'jctt'oii,  Mi-i5,  p.  141,  qunlvd  1^  HmdtmbBtD,  toe.  (it.  p.  171. 

'  Tli«  Aulhcr  ha*  pIdco  the  f  xpciimoDl  abors  noordid  wm  porfoRiMd  rtftttai  it| 
lliii  onl,y  variiiti.iii  bcliiu  thnt  thn  miiiiiAJ  vrao  in  full  digcalioDk  In  tlktl  o*ae  BJlimniD 
MTtaini.v  provoked  t.  ruMf  weTotion,  bat  the  Kmount  «nw  to  Mutt7  M  dm  to  Mdnit  tl 
the  •(iiautitv  b^ine  d«t.>niiiTU'il.  Tliia  (whi  imqiieBtioniibl;  sapporU  KAbmaui'c  fc^W 
thai  the  (]i]iuitit;  of  iuMxtinal  juicfi  secT«l«illiy  tbe  lower  part  of  lb«  •null  Jntitttfawtf 
much  ^iMttor  than  l]iAt  t^creled  by  the  upper  (Aug.  1S9»). 

'  Bullae.  Vrrharicl.  d.  k.  k.  Lnqivltl-Cariii.  i1cii<l,  J.  Salar/oneher,  Vol.  XU.  (ISBOi 
p.  il5(l. 

*  Lotnantky.  UriUchr./.  rat.  Mtd.  lHft&,  p.  59,  qaoUtL  bj  Hrt<Ionbain, 

I  Adrian,  Eckb4nlt'«  JUitrSgt  t.  dmt.  u.  Phyi.,  Vol.  tti.  (1IW3),  jk  61. 
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Budge's  fltaceinents  received  confirmation  and  cxtonsion  from  the 
reeearches  of  Lauder  Brunton  and  Pye  Smith'. 

"When  all  nervous  comiectiun  bt'twceu  the  intestine  and  the 
bigber  nerve  centre*  is  cut  ufT,  by  cuiupletely  dividing  the  intestiDol 
nenrea,  a  copiouH  secretion  occurs  in  the  intestine.  This  is  best 
dhewii  by  itiulutjug  three  Itraps  uf  ioteAtine,  by  means  of  ligatures, 
after  they  have  beeti  previously  carefullv  emptied,  ax  flhcn-n  in 
fig.  24. 


Pia.  44.    Duasiu  MEwno  ths  tmct  or  airnos  or  snro  otr  ucrktkmi  itmii 
TSE  iirrzsTisE.    (Brunton.) 

Tlifl  DcrTM  gaaig  to  Uiu  miiUle  loop  ban  beeu  dirid«d,  &nil  it  i«  dUlenikd  witli  llie 


"ThL-  nerve-fibres  going  to  the  middle  loop  arc  then  divided,  and 
the  intt-'sliiife  is  returned  to  the  abdominal  oavity.  Aft«r  four  or  ftve 
hours,  the  animal  in  killed  and  the  intc»tine  is  examined ;  it  is  then 
found  that  the  loop,  the  ucrve«  of  which  have  been  divided,  is  tilled 
with  fluid,  white  the  other  loop*  which  have  been  nnder  preci»ely 
the  s&vav  circumiitanceK,  but  the  nerves  of  which  have  not  been  cut, 
remain  empty"  (Moreaus  experiment'). 

"It  ia  evident,  then,  that  certAin  nerva-oetUrtt  posaew  the  power 
of  restraining  the  tecr^ttun  from  the  intestine.  These  nerve-oeDtns 
have  been  imewn  by  Brunton  and  Pye-Sraith  tc  bu  the  smaller  or 
inferior  ganglia  uf  the  solar  plexun,  with  the  superior  me«enleric 
oifset  from  them.  When  these  ganglia  are  dcAtroyed,  tbe  same 
abundant  Kecretion  occuih  in  the  inteRtine  tm  when  all  the  nerveN  are 
cut,  but  if  these  ganglia  be  left  intact  the  spinal  cord  may  be 
removed,  the  ragi  and  Rplanchnim  cut,  and  the  semilunar  ganglia 
excised  witbout  nay  excessive  secretion  occurring  in  the  iotcetino  ." 

■  T.  Lftodtr  Bnuiton  sad  P.  P7*-Smilh,  'latoaljoal  Stertiion  snJ  Uotcobciii,' 
Briltth  Auee.  RrporU,  1974,  I87S,  187C. 

*  A.  M«fMn,  'D«  I'infliunM  dt  bt  ■potion  iu  ttmU  mx  Is  ]iioduction  lU  llqiaUM 
inUrtinaax,'  CrnnpU*  R^Mdiu,  Vol  tm.  (IMSr.  !•■  <U. 

'  T.  Iaad«r  Brunton.  4  Trat-iook  of  Pharmatottm.  Thtrmtmliet  amd  Mlateria 
Medlea.    Tbud  fdition.    Loodoo.  Haomillsn  >nd  Co.  U»T  (p.  UO). 
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Sect.  4.    The  Phvsical  and  Chemical  CaAiucTEBs  of  tub 

IXTKSTINAL  JuiCE. 

The  intesCinal  juice  is  a  pale  yellow,  usually  somewhat  turbiJ, 
lt4]uid,  of  powerfully  alkalioe  rcactioo,  posseswDg^  according  to  Tbliy, 
a  deusity  of  about  1010. 

It  is  precipitated  by  alcoliol,  by  nitric  acid,  and  by  nitric  acid  and 
he&t,  the  prvcipitatu  btriui-  tuic  of  alUumiii. 

Wlieii  trirated  witb  illUiti-  acids,  it  i^tTervesces,  in  coa8e<|uence  of 
the  coaeidcmblc  quantity  of  sotlliim  carbonato  which  it  contoiDB. 

In  tbtf  juice  obtained  by  mechanical  irritatiou,  Tbiry  fuuud  from 
2"2  to  2-8  per  ceut.  of  solid  matters,  from  07  to  1'2  per  cent,  of 
albumin,  and  from  07  to  0"f)  per  cent  of  ash,  but  the  result  U 
certainly  abnoimaL  Gamilewski  in  more  recent  and  more  reliable 
researches  on  a  dog  witii  a  Vella  fistula  situated  1G+  metre  from  the 
pylorus  and  0'48  ra.  from  the  ciccum  found  the  solid  matters  to 
ainoiiDt,  on  an  average,  to  1'50  per  cent.;  these  cootaioiDg  0'43  per 
cent  of  Na,CO,  and  0-*9  per  cent  of  NaCI. 

From  the  rfsearcbiM  of  Oumilewski  and  Ruhmann  it  would  appear 
that  the  alkalinity  of — in  other  words  the  amount  of  Na^CO,  in — the 
inteKtiual  juice  in  remarkably  constant  for  the  secretiou  of  tbc  same 
ilstula. 

The  JimtfiiiM  of  the  Jntestinal  Juice. 

In  investigf  ting  the  enzymes  uf  the  small  inteatine  thre«  methods 
of  inqtiirj^have  been  pursued  :  (1)  the  mucous  membrane  of  receotty 
killed  animals  has  been  extracted  with  solvents,  such  as  glyceria. 
which  have  the  property  of  dissolving  enzymes,  and  tbc  digestiw 
activity  of  the  ,-xtracts  has  been  detemiiued  in  the  case  of  the 
various  groups  of  alimentary  constituents,  (v.  Witticb,  Mask 
(2)  the  intestinal  mucous  membrane  has  been  carefully  dried  In 
air  and  purtionn  of  the  dried  mucous  membrane  have  been  digested 
with  the  substances  under  investigation  (Brown  and  Heron);  this 
method  has  only  been  applied  to  the  inve-stigation  of  the  enzymes 
which  act  upon  carbohydratf-s,  but  has  in  the  case  of  these  yielded 
resulUi  of  the  greatest  interest  and  value:  (3)  the  intestinal  jnioa 
has  been  collected  and  itt  activity  deterraint-d  by  artificial  dijj^ 
carried  on  iu  the  incubator:  (4)  the  alimentary  constituenia,  eit 
solid  or  in  solution,  have  been  introduced  into  a  segment  of  intestinal 
tube  in  animals  with  Thiry-  or  Vella-Bbtulse,  sad  the  products  of 
dige&tiou  have  been  examined. 

Aouonoruie  Tho  tsrlicr  ex  peri  m  enters  (Thiry,  Leube',  Sdiiff*) 

inteitaudjuUM    asByrled  tliat  the  intestinal  juice  possessed  proteolytic 
onpiowd*.        properties.     Thiry  limited  this  power  to  the  digefttioB 

'  W.  Leube,  'BeilraHtf  r.ur  K&uiituis*  ilea  LiUnndannnAes,'  Habiliivtimmtlirifl, 
EtUuicea,  1S68  ;  ■  Uobvr  Vvrdaimtii:;Epni<JuoI(!  duft  DdontlinTiMflOT.'  CeninMUu  f.  4. 
mtd.  Witteiach.  IBfiP,  ji.  2«fl. 

^  iSehia,  '  Nuovc  riwrchc  *a\  potcro  digcronto  il«l  tneM  «ittarie(\'  /( Morfoftd,  iMff, 
K«.  U.     Abirtrnctcd  in  Ctitiealhhtlif.  d.  mtd.  Witt.  1868,  p.  U7. 
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of  raw  tibrin,  whilst  ^biff  asserted  that  in  the  caa«  of  successful 
fistula;,  all  proteidi)  are  digested  and  coDvune<l  inUi  puptonei,  it 
introduced  witiiin  the  intestioe.  Subsequent  observers,  however, 
such  a»  V.  Wittich',  Quiacke',  Deinant*.  Paschutin*.  usidk  differeDt 
mcthodR,  were  unable  to  conBrm  the  obeervationa  of  Thiry,  I^eube 
and  Schiff. 

The  most  recDnt  researches  (MnslolT,  Wenz)  have  cicnrly  proved 
that  neither  the  mucous  inciiibi-aue  v(  thb  hiuuU  uilcstinu  nor  the 
juice  which  it  secretes,  contain  enzymes  capable  of  converting  pro- 
ttiiis  iutu  albumo»ut  and  peptones,  under  the  conditions  which  exist 
in  the  sturdl  iute&tiue. 

Masl(>tT\in  a  research  conducted  in  Kuhne's  Uboratnry,  hafi  shewn 
that  tha  succuk  enterieus  lias  no  actiun  on  pmteidH  providM  thnt 
Ote  injtaencB  of  pittrefo^ctive  organiams  be  prevented  by  Ute  addition 
o/'  thymol.  If  acidified,  the  intestinal  juice  eierts  (according  to 
Masloff)  a  ver^  slight  solvent  action  un  nbriu,  due  to  the  preeecce, 
obviously,  of  a.  trace  of  pepsin,  the  physiological  importance  of 
which  is  altogether  iusiguiticant.  Ala&lou  found  that  protoids  of 
various  kinds  lutrtMluced  into  a  Thiry  tiKtuU  underw'enl  no  change 
in  the  course  of  24  hours.  Wenz*  has  further  shewn  that  the  albu- 
moses  are  not  converted  into  peptones  by  the  iuteHtiual  Juice. 

It  id  therefore  clear  tbat  the  changes  observed  to  occur  by  Thiry 
and  Schiff,  when  iibrin  and  other  pnitctds  were  introduced  into  the 
iotestine  of  dogs,  were  the  result  ol  a  putrefactive  process. 

AeUon  or Um  Jh  spite  of  tlie  negative  statements  of  many  of  ^0 

M*rti^^Tb^  earlier  observers  <Thir>-,  Leube,  Schiff,  and  v.  Wittieh)\ 
tliere  is  now  no  doubt  whatever  that  the  small  in- 
testine posiesse«  the  power  nf  converting  starch  into 
maltose  (Browu  and  Heron*.  Guniilewskt  ,  Kohniaun"', 
!Dubro8lawiu*',  Lannois  and  Lupine**,  &c).     Rohmann's  observations 


tfunatic    ftr- 

aHBttftkftln- 
lutttul  jnlM. 


*  T,  Wlttlch,  ilKlirr/.  Pht/t.  To),  n.  p.  19U. 

*  H.  Quincke, '  CtbiT  din  AuawibaiilunR  von  Ara&elatoffen  dnrcb  die  DanDKhleim- 
hMil.'  Archivf.  Anut.  n.  Phjii.  ie<18,  p.  ICO. 

■  U.  I>ciiiuit,  vp.  eit.  Virebixir's  Arditv,  Vol.  lIiv.  (l^V),  p.  119, 

*  Victor  I'ttMbntln,  ■  Binige  V«nDoh«  mil  KenuentMi.  waiche  BUiike  Bn<l  B«)if  xnekM 
in  Tnubaniuokor  varwuideln,'  ArthieJ.  Anal.  u.  fAyi.  1H71,  p.  SOS. 

*  A.  Uiuloll.  'Zur  Dflnndarmvcidaiiang.'  Kuhuo'a  VMmv^tuaigra,  te.  Vol.  u. 
p.  990.  II<'id4llwrE.  laei 

*  Weuz, '  Uobrr  <laa  Vrrlifttb-.n  Atx  Elweiwiloftc  bei  dor  DanuTcnUuaRg.'  Zeilaektifl 
y.  Biulojie,  Vol.  iiu.  I«a4,  p.  I. 

'  BiMtu  KOd  Schiaidl  uid  ynrialu  non  b«  nwotioaod  m  9kAj  «ipotimtolm 
wfaft  alMboM  •  diaatotia  hUoii  (a  the  inteadaal  Jnies. 

■  HoimM  T.  BrovD  wkI  Jobn  HrroD.  •  Die  hjrdiDljrtiwdMn  WMuifni  (1m  PonkrcM 
trad  des  Pamidmniis,'  AnnaUit  d.  Clumir  u.  Phamaei*.  Vol.  ociv.  (lUO),  pp.  938—391. 

*  OBmilcMskl.  PflUner'i  AT<htv.  Vol.  mn.  (IMAL  p.  fiU. 

-*  F.  ItubmkQu, '  Oeber  die  dlMiMliwhc  Wirknnc  am  ItenoMftM  and  die  Itoorplloii 
■nta  SUrkiklf  i»ttir,'  uf.  n't.  PBCtgor'B  Anhiv,  Vol  zti.  (189T).  p.  4M. 

■■  A.  Uobroilaviit,  'Muiite  gar  IV**«^<V*  d«  DurauttM,'  Vnttnuthins,  nw  4, 
Iiut.  f.  Ph^.  u.  UUt.  fn  Ormt,  Ldpsif,  U70. 

>*  IiwiDOiB  u)d  Uplnfl,  *8nr  la  maniAre  dUMnnte  deal  n  oommrtsnt  lea  |)ut]« 
anpMrara  ct  lalMeurH  de  llntaMlit  oitt*  an  podnt  d«  vaa  do  raborpUon  at  dc  la 
tnnndaUon.'  AnUUt  d*  Ph^tofie,  U8S.  T.  i.  p.  M. 
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seem  ta  indicate  that  the  diastaUe  activity  of  the  itttestjoal  jaice 
secreted  in  the  upper  part  of  the  sniall  inteatine  is  very  much 
greater  than  that  of  the  juice  secreted  by  the  ileum.  That  this 
activity  may  play  no  unimportant  port  in  the  intestinal  digestion  of 
Home  ADimalfl  is  rendered  probable  by  an  experiincut  of  lUlhmmin'A, 
in  which  50  cc.  of  a  2  "/o  starch  mucilage  were  absorbed  by  a 
fi4?giii<>ut  of  jejunum  20  contim.  long  in  the  course  of  ooe  bour*,  it 
being  [irr)bno)e  thai  the  prucesa  uf  auaorptiou  presupposes  an  antece- 
dent diaslatic  converhiua  of  starch  into  sugar. 

BrowQ  and  Heron  have  iihewn  ttint  under  the  influence  of  the 
diestatic  ferment  of  the  intestine,  starch  ir  converted  into  maltose, 
the  latter  sugar  being,  however,  rapidly  conrerted  into  dextrose 
through  the  ngency  of  another  ouKyme.  Their  experiments  led  them 
to  the  opiiiiuu  that  the  inucoue  membrane  of  the  ileum  i»  richer  in 
diaslatic  fertnent  than  thut  of  the  duodenum  or  jejunum,  and  in  this 
renpect  they  do  not  agree  with  the  direct  observations  of  Riihmxum 
on  dogs  with  Vella-fiatiil*. 

In  the  year  1871,  Paschutin',  for  the  first  dme, 
drew  attention  to  the  fact  tha.t  the  intestinal  mucous 
membrane,  in  its  whole  extent  from  the  pylorus  to  the 
ilio-colic  valve,  contains  a  ferment  vhich  convert*  caoo- 
sugar  into  grape-sugar.  AA'hcn  cane-sugar  is  boiled 
witli  dilute  mineral  acids,  or  subjected  to  the  action 
of  so-called  inverting  ferment*  (of  which  one  exists  in  yeast),  it  is 
readily  split  up  into  a  molecule  of  dextrose  and  a  molecule  of  leru-, 
lose,  thus: — 

SaceliaiOM.  DuiroM.       LotuIcmw. 

To  the  pTOG«fls  the  term  inversion  ia  applied,  and  to  the  mixed 
sugar  which  result;)  from  it  the  name  of  inoeii-autfar. 

The  r^^searches  of  IlJihniami',  lia.'itiaiielti*,  and  particularly  of 
Brown  and  Heron',  hare  demonatrated  in  the  fullest  manner  the 
accuracy  of  Paachutin's  discuvery  that  an  inverting  enzyme  is  con- 
tained in  tfie  inteslinnl  mucous  membrane  and  in  the  intestinal 
juice.     There  is,  however,  a  conwnsus  of  opinion  on  the  port  of  those 

'  lUthnmnn,  op.  dt.p.  439. 

'  Dr  V.  pAichiitio,  'Kinif^  Vfr«iioh.fi  mil  Fonnonlm,  wnlcV)»  SUrkd  uad  }U>hmi«ker 
in  TtnubMiKiidSiT  vnrwantJnin,'  .IrrJiir  /  AjuiI.  u.  P\ytit)l.  1871.  pp.  305 — 8(t*.     B«fer 
specially  lo  p.  S74.     Tlie  inpiic  ot  thin  veiT  imporUul  diwoT^r?'  haa  baeu  eFroneuiulf '< 
nltiibul«d    bjT   msiiT   wriurt  Iq  Clnutln   Iternfttd.    Tliut   Hrtluu&nu  laya,  *' Auf  iUvl 
iuTeitioTcnden  ElfieDM-hahau  doe  aas  Thiij  Mbeu  Futiuln  K«v>uuu>«n  DnmiMftc*  bfti  i 
snenl  CI.  BenutfdaufiovrkNai  suiMebt."    "J'ki  (i£-uouv«'it  qu'il  pomMc  una  utioo 
Invvnite  Lrh  paiM»at«  tnc  !•  mora  <l«  ouuw."  BermuU,  Ltcan4  »ur  It  DiaiiU,  l^uia, 
I88f,  p.  369. 

>  BshmftMi.  op.  eit.p.  483, 

•  C.  tiiiKtiuaelli,  -Uebcr  die  plir>lologiub«  BadcnlBug  ilei  DKrniiittlct.'    Abolmetadlj 
from  the  oiif^iiiul  |iH]wr  in  ilie  iSolUL  i.  R.JLeaul.  vud.  ifi  lionui.  Vol.xir,  pp.  UO^l 
ia  Jahmb.  /-ph'-  Chem.  ies»,  p.  488. 

*  Uuruce  T.  nruwu  uid  Julin  Ueru-n,  '  Dio  h^ilroljlitdmu  WiTkunKen  At*  Pu! 
osd  di;a  l>iiDiidAiiiiii,'  Animitit  il,  Chemie  u.  i'hannatic,  Vol.  cviv.  (It4l))i  pp.  : 
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who  bftve  experitneuted  od  thift  subject  that  the  mucous  membraae 
possesses  a  much  mora  marked  inverting  action  thau  the  intestinal 
juiofi  itself,  M  that  inversion  is  obtained  much  more  ruodily  and 
|)©rfectly  if  a  solmiou  of  cane-sugar  be  allowed  to  aojoura  for  a  short 
time  in  the  intestine  and  thereAn.sr  be  digested  in  tUc  incubator,  or 
if  it  be  digecited  with  a  »mall  piece  of  air-dried  mucnuK  membrane, 
tbau  if  it  be  mixed  with  buocus  entericus  and  then  placed  in  the 
incubator. 

Ill  harmony  with  our  kuowledge  of  other  cnxjmes,  we  may 
provisionally,  and  with  considerable  probability,  assume  that  the 
mucous  mt-mbraue  uf  ihe  ititeatine  contains  a  zymogen  of  the  in- 
verting ferment  which  is  sparingly  ditFusibie,  and  that  this  zymoffen 
in  broken  up  with  the  liberation  of  the  free  ferment  when  the  cells 
which  coatam  it  are  in  contact  with  cane-sugar.  Browu  and  Heron 
have  shiiwn  that  the  inverting  notion  is  never  complete.  As  soon  as 
about  55*'n  <*f  cane-sugar  has  been  inverted,  the  process  comes  to  an 
end.  It  must  bo  remembered,  however,  that  experimeuts  performed 
tri  vitro  give  ns  but  an  imperfect  conception  of  what  occurs  in  the 
living  'body.  We  liave  experiniL-ntal  proof  of  the  facility  with  which 
sug&ra  are  absorbed  by  the  sntuU  iutestiue,  and  it  Is  probable  that  aa 
the  abaorptioD  of  invert-sugar  will  occur  pari  pasaii  with  its  pro- 
duction, the  conditiuns  are  present  for  the  complete  inversion  of  any 
cane-sugar  exiflting  in  the  intestine. 

In  Rohmann'a  uxpurimeuts,  the  intestinal  juice,  obtained  from  a 
Vella-fistula  situateti  ia  the  upper  half  of  thu  small  intestine, 
pijdtsesscd  much  greater  inverting  powor  than  that  of  twn  other 
lu<tiilii>  situated  in  the  lower  half.  Brown  aud  Heron,  by  digesting 
weighed  quantities  of  mucous  membrane  of  pig's  intestine  with  3  per 
cent.  RolutiunH  of  cane-sugar,  at  Mi' C,  found  that  the  duodenum, 
including  Brunner's  glands,  possesses  most  feeble  inverting  power,  do 
invpfKion  having  occurre<1  al'ter  digestion  at  this  temperature  during 
a  period  of  3)  nour».  The  jejunum  and  ileum  possess  very  muco 
higher  iDverliog  activity  and  in  about  equal  degree,  except  in  the 
situation  of  Peycr's  patches,  where  the  activity  is  at  its  Kigiicst 

If  we  except  man  in  a  atate  of  civilisation,  cano-sugar  can  only 
rarely  find  itw  way  into  the  intestine,  and  it  therefore  appears  strange 
that  an  iovcrting  ferment  should  be  so  widely  distributed  throughout 
the  inttistioal  mucous  membrane.  In  all  probability,  however,  the 
inverting  ferment  which  can  resolve  Rdccharoso  into  dextrose  and 
levuloae  is  the  same  ferment  which  possesses  the  power  of  splitting  up 
sagar  of  milk  into  dextrose  and  galactose.  If  this  bo  tha  case  we 
have  a  ready  explanation  of  its  wide  diil'usiou. 

TiwiBSKow.  When  malt-diastase  acts  upon  a  starch  solution,  the 

(wavaiUiME  Ml-    siijriir  which  rcsulU  from  ita  action  is  maltose.     When 
"™''-  tht-  diastutic  ferment  of  the  pancreas  act*  upon  starcli, 

maltose  is  also  formed,  though  »ubti«i|ueiitiy  u  small  fraction  of  thin 
maltose  is  converted  into  grape  sugar,  according  to  Browu  and  Heron. 
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We  may  assume  that,  in  addition  to  its  diostatic  enzvme.  the  pancreas 
cootaitis  a  trace  of  auotber  rernieut,  capable  of  eplitbiug-up  looltoso, 
though  the  quantity  of  this  fenneDt  in  altogether  iusunicieut  to 
eETcc-t  the  complete  coaventiou.  Whilst  the  obstiiratiouis  of  Shoridao 
Lea'  throw  some  doubt  od  the  existence  of  the  latter  euzyme 
iD  the  paDcrcos,  the  researcbos  of  Brown  and  Heron  hare,  however, 
led  to  the  iuteresting  discovery  that  the  mucous  membrane  of 
the  amaU  int^stiue  (dou1>tless  also,  though  perhaps  leeq,  the  intestiiial 
juice)  possesses,  in  an  intense  degTRe,  the  power  of  convertiog 
maltose  into  grape  sugar.  The  activity  of  the  mucous  membrane  of 
the  small  Intestine  in  this  respect  is  said  to  be,  much  greater  as  vre 
approach  its  lower  end.  the  maximum  activity  being  possessed  by 
those  parts  of  the  jejunum  and  ileum  in  wliicFi  Peyer's  putchcsi  are 
situated. 

The  part  played  by  the  iuteatina!  mucous  membrane  in  refercDcc 
to  the  digestion  of  starches  is  thus  seen  to  be  complementary  of  that 
exerted  by  the  ditustatlc  ferments  of  the  saliva  and  the  pancreatic 
juice.    Under  the  influence  of  these,  the  starch  of  the  food  is  resolved 
into  dextrincs  and  maltose,  thoamoimtof  the  latter  rapidly  amounting 
to  SO  per  ceut.  of  the  starch  digested.    When  digwl«?d  with  the  intoK- 
tinal    mucous   membrane,  this  maltose   is  rapidly  and   completely 
converted  into  grape  sugar.     Tho  inversion  of  cane  Hugar   by  the 
inverting  ferment  i»,  on  the  other  hand,  a  process  whlcn  proceeds 
somewhat  slowly,  and  which,  ao  was  previously  stated,  comes  to  a 
standstill  (in  experiments  in  vitro)  after  the  conversion  has  affected 
25  per  cent,  of  the  saccharose  present.     Tfae  conversion  of  maltose 
into  gmpo-  sugar  takes  place  rapidly  and  is  a  contiououa  process, 
resembling  iu  this  respect  the  action  of  dilute  sulphuric  acid,  whidi^ 
with  the  aid  of  heat,  can  effect  the  complete  invetaiou  of  cane-sugar. 

Th«»oUoiBof  The  intestinal  juice  possesses   no  special  enzyme 

jSl»M^H^  ^^'^'^  ^'^  "P*"^  ^^^-  ^^^  intestinal  juioe  is  shakeo 
with  a  neutral  fat  containing  no  trace  of  free  acid,  no 
pormuueut  umuUion  reeulta.  When  however,  as  is  always  tbo  caso 
after  th«  action  of  the  pancreatic  juice  upon  the  neutral  fats,  a  trace 
of  free  acid  is  present,  the  intestinal  juice  forms  a  durable  emuUioa 
with  fats.  This  property  depends  upon  the  sodium  carbonate  whicli 
the  juice  contains,  and  which,  as  was  pointed  out,  amounts  on  an 
average  to  0*5  per  ceut.  In  reference  to  its  action  on  fats,  indeed, 
the  Intestinal  juice  has  been  supposed  to  net  as  a  dilute  solution  of 
sodium  carbonate,  and  Bunge  hits  argued  strongly  in  favour  of  the 
view  that  the  chief  function  of  the  juice  is  to  aid  iu  the  emul- 
sionising  of  fata  and  thus  promuLing  their  subsequent  absorption. 
But  such  n  view  appem-s  to  the  Author  a  very  oue-sided  one,  as  the 
presence  uf  an  alkaline  fluid  on  the  surface  of  the  intestinal  mucous 
membrane  would  further  not  only  the  absorption  of  &t  but  also  tfae 

>  Slurridftn  Lea,  *A  Compitntive  Study  of  Artificial  and  KMaial  IKftatioa,'  Jmh. 
o/Phit:  Vol.  u,  (WW),  p.  a«. 
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progreHS  of  proteol^'sis  bj  trjrpsia.  The  capital  objectiou  to  Bunge'a 
conception  of  the  part  played  by  the  iDteeitinal  juice  is  that,  as  will 
be  suDsequently  ahfwu,  tbc  alkaliuu  carbonate  wbicb  it  contains  is 
more  thao  noutralistid  by  ihe  lactic  acid  which  in  formed  by  the 
action  of  micro-organisms,  so  that  tlic  reaction  of  the  contontft  of  the 
small  iutestiue  in  not  alkaline,  but  acid.  Whether  it  plays  any  part 
whatever  in  furthering  their  absorption,  the  action  of  the  iutestioal 
juice  on  fats  is,  doubtleiiK,  inKignilicaiit,  when  compared  with  tbe  part 
which  tbe  intestiDal  enzymes  and  ferments  play  iu  the  digestion  of 
thu  carbohydrates. 

BttBUBUT  of  The  intestinal  mucous  membrane  and  its  secretion 
me  Acuou  of  have  thus  been  sboMru  to  exert  no  chemical  action  on 
**•  U^'*''^  '1'*'  proteid  oonatituenta  of  food,  but  t"  pUy  a  great 
part  in  the  digestion  of  the  carbohydrates  of  the 
economy,  completing,  if  necessar}',  the  conversion  of  Btarch  into 
soluble  products,  splitting  up  saccharose  and  lactose  into  glucoses, 
but  above  all.  con¥erting  maltose  into  grape  sugar.  When  we  con- 
sider tho  large  proportion  of  carbohydrates  which  ncrbivorous  animals 
consume,  the  great  importance  of  this  function  to  tho  economy  will 
be  manifest 
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CHAPTER  X. 

THE  CHEMICAL   PROCESSES    WHICH    HAVE    THEIR 

IN  THE  INTESTINES  AND  WHICH  AHE  THE   RESULTS 
OF    THE    ACTIVITIES     OF    MICRO-ORGANItiMa.       Tl 
PRODUUTS   OF   THESE   PROCESSES. 


Introductory  Remarks. 

Wu£N  treating  of  tbe  influence  of  changes  in  the  acidity  of 
gastrie  iuioe  in  diaoiac  (p.  167  e£  aei^.)  it^  antiseptic  action  «u 
SiBcvissed,  and  it  was  shewn  that  the  acid  which  it  contains  exerts  t 
marked  inlliioDce  in  destroying  the  putrufactirc,  u  well  as  manjr  of 
the  pathogenic,  or^oisms  which  laay  Snd  their  way  into  the  stomach. 
In  the  normal  conuitii>n,  gastric  digestion  in  a  healthy  m&n  is  a  procea 
which  proceeds  entirely  under  the  influence  of  enzymea,  and  th« 
fermentatious  which  are  the  reaulta  of  the  activities  of  o 
fennoDts  must  be  looked  upon  as  a  departure  from  nonualTt' 
indeed,  pathojugicul.  In  tbe  small,  but  much  more  so  in  the 
intestine,  tbe  conditions  arc  more  favourable  to  the  growth 
microbca,  and  hence,  side  by  side  of  the  digestive  prucvRses,  propt.  , 
so-called,  others  are  going  on  which  are  due  to  the  iuterventjoo  n 
imported  germs.  In  the  herbivora,  the  action  of  organised  ferment! 
attains  a  high  importance,  seeing  that  it  is  apparently  through  their 
action  that  a  part  of  the  cellulose  is  utilisea,  which  fortna  so  huge 
a  part  of  the  food  consumed.  In  man  and  the  caraivora,  howerer, 
organised  feruiente  play  a  secondary  purt  iu  the  prooesaea  of  the  Baiall 
iutestine,  and  digestion  appears  to  be  most  typically  physiological 
when  their  activity  is  least  cuuapicuoue,  and  when  certmu,  at  Ivast. 
of  the  product*  of  that  activity  are  smallest  in  amount. 

It  is  cuKtomary  to  speak  of  the  putrefactive  procesf«e«  of  the 
intestines,  hut  the  expression  is  an  inaccurate  one.  When  wo 
the  small  intet^tines  immediately  after  death,  we  6nd  their  eoutniQ' 
entirely  free  from  putrefactive  odour,  properly  »o  called.  It  is  aal> 
wliet)  we  examine  the  cuubenta  of  tht-  large  intestine  that  we  becotae 
aware  of  tbe  presence  of  foetid  products,  which  inerease  la  amount  m 
tbe  coutenta  undergo  the  changes  which  ultimately  result  in  their 
transformation  into  the  faeces.  There  can  be  no  doubt  that  speciii 
inrtuencea  must  he  at  work  to  limit,  or  rather  to  modify,  the  putrt* 
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fiKtirc  proccasos  in  the  small  iDteatined,  and  e^]eaaUj  to  prereDt  the 
formation  of  those  ftettd  producta  which  are  the  essence  of  the  putre- 
factive process.  In  tliscussing  the  ilisinfecting  function  of  the  bile  it 
was  arguei]  thnt  this  fluid  probably  exerts  a  real  diitinfecting  action, 
as  Maly  and  Kmich'hare  coDt^iided.  in  virtue  of  the  bile  acids  which 
it  contaiDe,  though  Voit  ami  Kiihnmnn  deny  this  special  action. 

Mad'adyen.  iSeucki,  and  Sieber  have  ithewu  that,  cuutrary  to  the 
general  belief,  but  in  accordance  with  many  previous  observatioiifi  by 
reliable  investigators,  the  contents  of  the  stnull  inteatine  are  iuvan- 
ablv  acid'.  The  pn>seuce  of  free  acid  in  the  muall  iutestiue  acta 
(ioubtleas  both  by  netting  free  the  antiseptic  bile  acids  and  by  the 
de-stnictive  and  inhibitory  influence  which  free  acids  exert  on  many 
fonas  of  bacterial  life. 

Aoconlingly,  the  above-name*!  observers  have  found  that  in  the 
Bmall  intvatine  of  man  the  products  of  tlie  putrefactive  deoompositiou 
of  protcida  are  absent,  the  organisms  which  are  ahle  to  occasion  their 
decomposition  being  absent.  Although,  as  has  been  argued,  the 
putrefactive  processes  iu  the  small  iutesline  are,  in  the  perfectly 
physiological  condition,  comparatively  instgnificaDt  in  amount,  we 
must  yet  couaider  them  iu  »onie  detail,  inasmuch  an  they  play  a 
much  mor^  important  pnrt  in  disease,  and  are,  beeidee,  coiutaat 
products  of  the  pntcenses  which  occur  in  the  large  intestine. 
Processes  of  fermentation  affecting  the  carbohydrates,  as  distin- 
guished from  putrefactive  pn^es-tt-s.  normally  occur  on  a  couaiderable 
scale  iu  the  small  Lutestiue. 


Skt.   1.     The   DeroMPoamos   of   the   Pkoteuw   ckdeb   the 
lNri.DB.vcE  or  Bacterial  Actiox. 

In  discussing  the  action  of  trypsiu  on  the  albuminous  bodieia  we 
have  shewn  that,  in  addition  to  Uic  albumosea  and  peptones,  there 
result,  from  the  pnifouudly  decoraposjog  action  of  that  imzyme,  many 
umido-acids  of  the  fatty  group,  paroxyphenylamidoprupionic  acid  or 
iVTosino,  certain  bases  (lysine,  lysatinioe  and  ammonia),  aud  a 
cnroniDgcn  which  we  designate  tryptophan,  Although  there  is 
evidence  that  the  complex  alouminouft  molecule  contains  a  variety  of 
aromatic  giouns,  it  is  noteworthy  tliat  the  only  primary  aromatic 
comt>oiiiid  which  results  from  the  action  of  trypsin  is  tyrosine. 
Under  the  influence  of  the  putrefactive  bacteria,  the  &nme  products 
are  at  first  formed.  Other  uodies.  however,  rapidly  arise,  certain  of 
which  (aromatic  oxy-acids  and  phenols)  ara  the  products  of  decom- 
position, reduction,  and  oxidation,  of  tyrosine,  whiUt  others  (indol, 
mctbyl-indol  or  skatol,  skatol-carhooic  acid)  are  aromatic  compounds 
which  are  not  directly  reUtad  to  tyrosine  and  which  represent  a 

>  A.  UMcMjta,  U.  SM9«U  and  V.  8UtM.  >tIiit«m«liiuiK«s  llb«r  dv*  ohmiladisa 
VornMict  in  n«Dwh1iob«i  Danailum.'  AreUw  f.  t»j>.  PaiJ,.  u,  Plutrm.  ToL.  xxtid. 
Uesi),  P.B11. 
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Specific  decom  position  of  the  ktbuminouA  moleeole  distu^aidii^ 
faacKrial  from  purely  tr^psia-proteoljaiii.  Aceordiog  to  BMnoann, 
neither  in<lol  nor  akAiol  i&  a  priman*  prodaet,  but  ■liaw  Crom  the 
dewmpoaitjou  of  a  body  soluble  ia  a  mixture  of  aJeohol  aod  ether*. 

In  addition  to  the  aronintic  compoanda,  there  are  formed.  Amoogst 
the  products  of  the  bacterial  ileoompositioo  of  proteida.  volatile  &t 
acidi,  certain  bases,  mthles,  hydrogeD.  and  sulphuretted  li)rdrogeci.j 

The  f'jtlowiui;  list  includes  the  products  of  the  bacterial  deoompo^ 
sitioD  of  the  aibiiminoiis  bodies. 


Prodttcts  of  the  BacUriai  Decontpotition  of  the  Aihimiuomg  Bodiet. 

(7%<  bodies  marked  vrith  oh  att^iak  haw  not  Ufnf»un4  in  tht  itUmlmmi 

eoiUeitts.) 


BoDua  OP  Tm  Ftrtt  Sraon. 
Anudo«oida 
FaUjacida 

{Teln-  ami  peata-methifUneiiamin) 
onl/  found  in  the  oontmtK  of  the 
tutcMtoM  in  patltolngica]  con- 
ditiom — cystinuriB,  cholera  and 
dTsenteric  diarrbiBa. 


IndoL 

Skatol. 
SkaU^Hsarbonic  acid*.* 


Trrwin. 

Oxypbenjrlprapioiue  add.* 
Oxyphenjrlaeetic  acid.* 
FhcDjlpropionic  acid.* 
Fbeoylaoetic  acid.* 
Parakraaol. 
Titvaoi. 

End-product*: — cubon  dioxide,  water,  ammonia,  nitrites,  hydrogen, 
sulpburt-tti-d  bydragea. 

It  was  Kiibne  who  first  pointed  oat  that  indol  iB  a 
t}'pica1  product  of  the  det.*ornp>.iutioD  of  albumiocus 
btxlies  when  these  arc  subjected  to  the  combined  action 
of  trypsin  and  putrefaction',  an  well  as  when  they  are 
fused  with  caustic  allvalies*.  but  that  this  body  is  Derer 
the  action  of  itTp«in.  however  long  that  action  maj 

«:  further  sh<rKca  that  this  enzyme  is  not  formed  by. 

exist  iu  oouuectiou  with,  bacterial  putre&clion *. 

1  Banauan,  Btr.  d.  dmUth.  them.  Oe*<V*ch.  Vol.  na.  p-  9S4. 

1  ZtuaA,  ia  a  c«eMl  rM(*rah  aiada  in  K«Bcki'a  labotatory  at  81  Pnanhm  |yu 
tautd  iudol,  dalol,  pfaaaal  aad  ^aiaknaol  ia  thi  cBMlti  of  Um  laiga  InlniJiM 
o(  nua,  but  DO  ■kUnl-carboQU  aotd.  Ia  hie  papar  antiUMl  *8iu  1m  proeavai  ^ 
pDMEaetiou  dans  i*  ^if  intestin  de  rhamiM.  As.,'  Jrelmn  da  Stinutm  Ttinlnifinu. 
tc.  Toni«  t.  pp.  IIW— SIT.    St  Pewnibnnt,  ISM. 

*  W.  KuhiMt.  Viichow'*  Arrbir,  Vol.  nxn.  p.  Ui. 

•  VV.  KubiM,  '  I'ebac  liuiol  aii>  Ei»«iM,'  Ber.  J.  dtuMb.  ckem.  G«mU,  ToL  tm. 
p.»». 

t.  KfUuw,  '  ErfahniiiRCD  nod  Bemerton^co  Abv  EnayBia  and  Fgnaantai  *  I/nltrv 
neb.  a.  it.  phfi.  Imt.  HridtUterg,  Vol.  l  (UT8).  ppt  8»1— 3M. 


Badwlal 
aacDBkpoaltloa 
not  dapaacuot 
on  the  forma- 
Uoa  of  tiypata. 

produced  by 
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INDOU  SKATOL  and  SKATOL-CARJKtKIC  AciD. 
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Hod*  of  pre- 
pan  LI  on  of  In- 
dftl  ud  ilutol 
(SaOswvU'i 
pnoMi). 


Indol  was  firet  discovered  by  Baeyer  in  the  producto  obtwned  by 
distilltDg  oxyicdol  with  ztnc-Just*.  It  wae  afterwards  found  by 
Noncki  and  by  Klihm;'  ainuiigHt  the  pmducls  of  the  pulrcfacUon  of 
proteids,  aa  well  as  in  those  obtained  when  the  proteids  uro  fused 
with  CiiiistJc  alkalies.  Indol,  together  with  skatol  (which  almost 
invariably  ftccompani<?!t  it)^  t^  found  in  the  contenU  of  the  large 
iotestine  and  in  tlie  ffeces. 

Two  kg.  of  well-preBsed  fibrin  are  placed  in  a  roomy 
8tmU  (of  the  capacity  of  12  litres),  tot'cther  with  8  litres 
of  water  in  which  2  grtiis.  of  KH.PO,  and  1  gr.  of 
MgSOt  hftve  been  dissolved ;  to  this  fluid  an;  widcd 
200  c.c.  of  a  saturated  solution  of  Na,CO,  and  then 
some  cubic  centimetres  of  a  putreMng  flesh  infusion  together  with 
fragments  of  decomposing  meat  The  flask  is  then  clo-ied  with  a 
stopper,  which  bos  been  oorcd  and  provided  with  a  glass  tube;  to 
thf  latter  is  attached  an  iadiarublitr  tulu-  connected  with  a  wash  bottle 
half  filled  with  water.  The  indianibbor  tub*  is  providod  with  n 
clump,  which  in  left  open  during  the  first  days  of  the  experiuK'nt 
The  mixture  is  digested  at  a  temperature  of  iO° — 12°  C  for  a  period 
of  5  or  6  days,  the  flask  being  shaken  from  time  to  time.  As  soon 
as  the  evolution  of  gas  has  censed,  the  <;}amp,  alcove  referred  to,  is 
cloned,  and  only  opened  from  time  to  time  to  libeiate  the  gases 
which  have  ancuraulntcd. 

At  the  ond  of  the  time  mentioned,  the  fluid  contents  of  the  Ansk 
arc  distilled  uff,  until  the  r(*si<liie  in  the  flank  moasiires  onlv  1  to 
]'5  litres.  The  strongly  ammoniacid  di.itillnte  having  beau  acidulated 
Tuith  hydrochloric  acid,  which  decompos*'.'*  the  sulphide  of  ammonium 
present,  is  then  precipitnt<;d  with  *)lution  of  sulphate  of  copper 
and  Altered.  The  clear  filtnitc  is  thoroughly  shaken  up.  in  rep^Ued 
frru;tion8,  with  ether  in  aRtopporod  separating  funnel  of  atxtut  half-litre 
ca|iacity.  The  united  ethereal  extracts  are  distilled  until  the  residue 
ineaNiires  500  cc.,  the  resiihie  is  twice  thoroughly  shaken  with 
solution  of  caustic  .•uxia,  with  the  objiKrl  of  seftamting  phenol 
and  traces  of  acidH.  The  ether  is  then  distilled  off  at  the  lowest 
p«»ssiblc  temperature,  and  the  oily  residue  having  been  treated 
with  caustic  »odn.  is  distilled  in  a  current  of  stenm.  until  no  more 

'  Bur*r>  J""-  Cttfm.  M.  J'karm.  Vol  nu,  p.  S&fi.  »nd  A.  EBuneilJni;  and  C.  Enxlir, 
Dtr.  J.  iruitth.  rb/M.  Or*rlUili.  VoL  I.  p.  17.  mkI  Vol.  in.  jx  88fi. 

■  SI.  Noacki,  ■  Ucticr  dia  lUntbrbMooe  ua  der  laiUgOKnitiEw  and  UW  dia  PuiIumk- 
T«HaitUD«.'  f>«r.  rJ.  JfMttelt.  rhna.  OttrtUth.  Yd.  tiii.  |I872),  p.  830.  U.  NcmU, 
•VthW  dM  Ind(>l,'  ik.,1.  Vol.  tin.  (IS75I.  p.  TW. 

■  Xttluw,  Str.  it.  itnuik.  e*m.  UettiUch.  Vol.  viu.  ltS73),  p.  906 
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indol  distils  cn-er.  The  distillale  is  again  shaken  with  ctlicr,  the 
ethereal  solution  distilled  at  the  lowest  possible  temperature,  and  the 
reaiduc  is  evaporated  in  a  deep  flask  until,  on  being  aJIciwcil  to  coo], 
the  renidue  setit  as  a  cryataliine  ninss.  The  latter  is  then  dried  in  au 
exsiccator  ever  sulphuric  acid.  It  may  be  purified  from  skatol  by; 
recrystallLsing  from  vrater.  The  yield  af  indol,  by  the  procew  deficribea,-i 
amouutd  to  about  6*5  parts  per  lOUO  pArt^  of  wnter-free  fibrin,  or, 
using  the  quantity  of  pressed,  but  yet  moist,  ftbrin  rocoDimended, 
the  amount  obtained  is  about  3  grammes. 

It  WAK  previously  staU'd  that,  aocording  to  Baumann,  indol  and 
skatol  are  not  directly  split  aff  fumx  the  protcid  mMocule  but  are 
products  of  decomposition  of  an  int^nuediate  subHtance.  E.  aad  H. 
•Salkowski  h&vg  specially  studied  this  matter  in  refei'eoce  to  indol 
and,  as  a  result  of  their  exnenmeats,  have  arrived  at  tlie  folloninn 
conclusion  in  refereuce  to  iodol :  "  That  in  the  putre&ction  of  albumin, 
iodol  is  sot  immediately  liberated  from  the  albumin  in  a  free  con- 
dition, but  that  an  intermediate  product  is  formed,  which  is  gradually 
decomposed  by  the  further  acliou  of  bacteria.  This  intermediate 
product  is  still  unknown ;  it  is  not,  however,  peptone,  the  quantity 
which  19  (thnjugliout  Lho  proceM  of  preparation)  stnall.  and  in  th^ 
later  stages  seems  entirely  to  disappear'." 

According  to  Odeimatt",  Nencki*.  and  Brieger*,  if 
putrefaction  be  loug  continued,  the  (piantity  of  indol 
gradually  diminishes.     Thus,  lu  au  experiment  which 
lasted  five  months,  Neucki  found  that  the  prr>ducts  of 
putrefaction  contained  no  iudol,  but  only  skatol,  wfatUt 
Bringer,  in  the  products  of  putrefaction  of  liver,  found  no  indol  after. 
a  lapse  of  only  eleven  days.     Salkowski'  has,  however,  como  to  thJ 
conclusion  that  indol  Is  not  destroyed  by  the  long  continuance  of 
putrefactio:i,  and  that  its  non-discovery  in  the  above  experiments  is 
to  be  explained  by  the  fact  that  they  were  conducted  in  open  vessels 
and  that  the  substance  htid  disappeared  through  evaporation. 

PiiyiKnluid  Indol  cryat&lliaes  from  hot  aqueous  solutions  in  the 

ch«mlcml  pro-  f^^  ^f  ,,^^[1  ^f^]^  ^]^^  melting  point  of  which  is 
pmiMorinaoL  52=  C..  and  the  boiling  point  2-t5— 246" C.  Indol.  how- 
ever, partly  decomposes  when  heated  to  its  boiling  point,  so  that  it  is 
advisable  to  distil  it.  as  recommended  in  the  directions  for  its 
preparation,  in  a  current  of  steam.     The  vapour  of  indol  pontcases  a 

*  B.  SsUiowild.  'ZuT  Kenntnias  der  EiweiMfiiulDiM.  I:  Vvimr  die  BiUung 
bdoU  and  Skatolit,  oooh  iieuieiiiitcliafLliub  uiit  H.  S&lkuw»ki  in  Milxatcr  KutrvHUUtcn 
T«nuchea,'  Zfiuchri/i  f.  phijiiol.  Chrmit,  V.il.  mi,  (1«K3— 1),  pp.  417 — IBlJ.  ilch-t  to 
Bwt  Tii.  'Ueber  dan  ModoB  det  EnUtcboog  dea  ladoU  nas  Atm  Einraita.'  oj>.  cil. 
PP,  «4— 457. 

*  Odennalt. '  Zar  KenclnitH  der  PboiolbiUlnng  bei  der  F&olniu  der  GtwcitMkarpci,' 
Jcmm.f.  prakl.  Chnitit.  Vol.  ii»m.  (3878),  p.  349. 

■  Kenuki,  op.  rit.  Cenimlb.f.  d.  med.  iVia.  IS7S.  No.  41. 

*  BricRer, '  U«bM  die  ArnniBtinalimi  I^^uktc  aiu  Eiireiw,'  Ztittehr.  f.  fhft,  Cktn 
Vol.  in.  (I87B),  p.  18(  tt  >r^. ;  w<  p.  I3». 

■  Htlhowaki,  op.  eil.  ZeiUeh.  /.  fby.  Chem,  p.  £5T  tt  uq. 
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peculiar,  disgusting,  feculent  smell.  Indol  is  tolerably  soluble  in  hot, 
and  less  soluble  in  cold,  water;  it  is  easily  aoluble  Id  alcohol,  ether, 
chlurofurm,  benzol,  and  petrnleum  ether. 

^^  1.     A  wnUTv  solution  of  indol  when  tToated  with 

stntDi;  yellow  nitric  acid,  or  better  atill  witb  a  2  per 
cent.  aolulion  of  sodium  iiitrite  and  pure  nitric  acid,  is  either  coloured 
red  or  furnishes  a  red  precipitato  of  nitrate  of  iiitroso-iudol 
C„H„(NO)N„  HNO„  wbich  is  very  slightly  soluble  in  water,  readily 
soluble  in  alcohol,  and  insoluble  in  ether,  and  is  readily  decomposea. 
Ff  the  .lolution  is  .10  dilute  iw  nnt  tn  j-ield  a  precipitate  .spontaneoiisly, 
this  may  be  caused  by  shaking  with  chloroform,  when  at  the  line  of 
junction  of  the  colourless  chloroform  and  the  red-coloured  liquid  a 
red  precipitate  becomes  visible. 

"The  charnct«nHtic  red  colouration  which  cliolem  eultorea  ia  bouillon 
exhibit  wtieii  tlivy  are  trcntcd  with  diliitv  milphuric  iwid  ('  ChohroTeadion') 
depi;D(lii  upon  th«  BimultHtiMnifl  (iroducEion  of  indol  and  nitrons  acid  bjr  the 
cholera  spirilluin.  The  nitroui  acid  ia  set  fr&e  by  the  dilute  sulphuric  acid 
and  ibea  acta  upon  the  iudol,  mid  the  red  nitrwo-iudol  is  Uien  formed, 
whioli  is  idfnlical  with  cliolcm-n-d.  'ViU-io  Metachniico^i'  aluo  exiiiliits 
the  chulura  rmctioii'." 

"The  nitrous  acid  teat  for  indol  enabloa  u»  r««dUy  lo  detect  the  body 
in  iht)  pruduote  of  a  pmicrc-ntic  digt^tioii  which  hiw  not  iteva  twptic. 
With  tliis  ubjf^ct  the  fluid  rLttulliiig  from  the  dig^tion  ia  distlllM),  and  to 
ev«ry  '200  or  300  oc.  of  thi'  diMtilltilv  tire  n-UM  froui  5 — >*  cc  of  a  reddisb- 
yellow  nitric  acid.  Thr  li'|uid  thus  tratti-d  iwuiiiiac-s  tfait  colour  of  Mt^frial 
blood  and  in  the  coarse  of  some  koiini  depoeite  the  red  precipitnU*,  com|>osed 
of  nitrate  of  nitroeo-indo).  By  difc»»o1vine  thia  precipitate  in  a  little  hot 
abaolate  aiocAol  and  then  adding  Hlii^r.  ttie  suwtanoe  is  olitained  in  the 
tana  of  beautiful  rod,  microKoopic,  ne«dl««.  The  red  colourutioii  which 
pancreatic  juicv  exhibits  when  Iruited  witJi  impure  nitric  ncid  was  first 
oWrved  by  Claude  Bernard' "  (nee  p.  264). 

i.  A  Rmall  piece  of  pine  wood  uaoi&tened  with  strong  hydro- 
chloric  acid  and  then  plunged  into  an  alcoholic  mlution  of  tndol, 
acquires  a  cherry-red  colour. 

S.  (Lej^'al'it  rL-actiou').  When  smlium  nitro-prussidc  U  added  to 
a  solution  uf  itidul  of  1  in  1000,  so  as  to  produce  a  yullowixh  coloura- 
tion, and,  tbereafter,  ramc  drops  of  solution  of  caustic  soda,  the  liquid 
instuntly  becomes  of  a  deep  violet-blue.  On  acidulating  with  hydro* 
chloric  or  acetic  acid,  the  colour  at  once  changes  to  a  deep  bluo, 
which  in  destroyed  by  an  excem  of  acid.  The  aecund  stage  of  the 
reaction  is  fto  delicate  that  in  a  solution  containing  only  1  part  of 
indol  in  10,000  of  water,  a  deep  bluo  colounition  is  ubsune*!*: 
Hcmala  has  studied  the  spectroscopic  cfaorocters  of  Legol's  reaction*, 

■  l>r  Th.  W*<r1,  U).,htuh  A.  i,rg.  Chtml*.  SmUm,  MOI,  p.  4Sa. 
'  Maly,  Hirnnuin'i  tiaiulbmrti,  Vai.  v.  n.  p.  99S. 
Brrttaurr  /IruUirkr  ZritfhHn.  IHSI,  Nu«.  »  aud  I,  (IQUW  by  fl«lkoindti. 


*  8alkow«ki,  op.  rir.  Znuihr.f.  pkyt,  Cknt.  Vol.  tul  p.  M7. 

*  tUoh.  Hotnala. '  Zur  KonntnUa  dcr  in  dor  ahaai«>bMi  PhyRioloci* 
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4>.  Iiidol  is  (lintotved  in  very  little  beuzol,  aiid  about  three  timce 
rit*  might  of  crytitallLsed  picric  acid  is  then  added.  Tbo  liquid  being, 
cuitiooaly  hcatt'd,  enough  beuzot  is  added  tn  dissolve  the  v'bole*  On 
coolinff,  the  liquid  is  cuuvcrtod  into  a  maf^ma.  of  red  cry-stals,  owin^ 
to  the  union  of  equaJ  molecules  of  ludol  and  picric  acid.  This 
compound,  which  presents  tiie  appe^vraace  of  long,  red,  shininj;  crystal! ' 
is  soluble  witli  diflieidty  in  cold  benzol  or  petroleum  ether,  but  it 
can  be  easily  recrystallised  from  its  solution  in  the  foniier.  In  order 
to  sepurutc  indol  from  its  picric  acid  compound,  the  latter  is  decom- 
posed with  lunmonia,  and  th«  solution  is  shaken  with  petroleum 
ether,  which  readily  <lis»olvea  the  liberated  indol.  On  CTaporating 
the  solution,  indol  m  the  form  of  Bne  crystala  is  left  behind*. 

FAt*    ftad  A  part,  proba.b[y  the  chief  part,  of  the  indol  formed 

tr*aaTOTi»»-  in  the  ioteatines  is  excreted  id  the  feces  A  part  is, 
tion»  of  tndol  however,  especially  if  constipation  or  obstruction  of  the 
bowels  exist,  abeorbed,  oxidised,  and  excreted  in  the 
uriuc  oi  the  potAssliim  Rnlt  of  indoxyl-Rulphnric  acid  or 
indican  (aoc  p.  169).  Fr^ui  Ihu  amount  of  the  latter  subetance,  w« 
cau  form  a  judgment  as  to  the  extent  of  the  putrefactive  deoompo- 
sitiun  of  protvidt)  iu  the  alimentary  cauaL  The  matter  vrill  be  again 
considered  in  discussing  the  couiititueut^  of  the  urine. 


In    tha 
sonir. 


2.     Shutot',  C,H,N  or  C,I 


Skatol  or  ^-mcthyl-indol,  waa  separated,  in  Nencki's  laboratory  by 
Brieger',  from  the  faacea ;  Nencki*  afterwards  obtained  it  from  the 
fffoducta  of  pancreatic  putrefaction. 

MeUiods  of  Neuclti  allowed  23.'iO  grina.  of  fresh  pancreas  and 

prepiiraUoB.  ^(jq  ^^ms.  of  meat,  free  trota  fat  and  woU  mince*!, 
mixud  with  c-ighl  hires  of  water,  to  decomjtose  during  .t  moDtli:«.  the 
temperatiiTo  varying  during  this  period  between  -J'S  C.  and  27'o'iX 
At  tliui  tumperaturu,  he  found  uuly  skatol,  and  no  indol  amongtit  the 
products. 

In  urdcr  tu  separate  the  skatol,  he  added  an  excess  of  acetic  acdd 
and  distilled.  The  distillate  wax  acidiilate<t  with  hydrochlorie  add 
and  treatf^d  with  picric  acid,  which  precipitateii  skatol,  in  the  form  of 

f^kommoDen  KttivpiuiwidHklisi'CMtic'iitiii,'  Km]ivDb«rK'«  Untcnuek.  Heft  2,  pp.  117 — 186, 
wo  p.  1S4.  Jmt,  IKm*. 

>  Ui>pp»-Si!yler,  Maiultmeh  d.  phffi,  u.  fath.  Chem.  Anal.  6U  Anfl.  Berlin,  1898. 
p.  Ida. 

*  Fium  0(wp.  Ren.  oKarit.  duuK. 

*  L.  Briufci;,  'U«Ewr  die  ttiiciitigcn  BenUodtbRilR  ilcr  muiichliolH'a  Cicmnenta' 
(mu  i.  Lftb.  TOO  Prof.  Ni'ticki  in  Keni),  S^r.  J.  dtiitttli.  chem.  On€iLvh.  Vol.  x.  (l«77k 
pp.  1037— 103S. 

'  M.  Ncnoki.  '  TortheiUiftftc  DaraleUang  de»  Stutoln,'  Ctnlr^HrttU  f.  d,  Mcti, 
»-iuetueliii/1.  Ha.  47. 
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»  picric  acid  oooipouud  wbicli  cryatoUiseft  in  the  form  of  beautiful  red 
needles.  This  compound  was  then  treated  with  ammonia  and  distilled 
Id  a  current  of  sleain.  wlion  the  skatol  distilled  over. 

A*  was   previoUHly   stated    (page   422X  Salkowski 
found  ihat  indol  is  not  destroyed  during  the  course  of 
"""*  long-continued  putrefaction,  a»  Odermatt,  Nencki  and 

Brieger  hod  supposed,  its  non-discovery  in  tlieir  experimenu  being 
prolwibly  due  to  ita  volatilifimtion.  According  to  Salkowski,  from 
whatever  source  prepared,  all  ludol  couUiine  »kat«l  ami  the  couvcnte 
is  alito  true'. 

As  a  result  of  their  ioquirics  K.  and  H.  Salkowski 
came  to  the  concluaion  '  l^ai  shatol  and  tndol  can 
replace  each  other,  seeing  thai  in  the  afhuminou*  mole- 
oale  skatol  doea  not  form  one  dejiniie fructiun  tmd  iudol 
another,  but  both  substances  Utke  their  origin  in  a  cotnmon 
nwthcT'^iibftance  which  exists  in  the  proteid  ;  this  tubatcuice,  according 
to  circumttanceii,  yields  at  ons  time  indot  in  preponderating  quantity, 
aud  at  another  time  skatol,  so  thai  free  skatol  may  be  cUritost  abaeiii*.' 

Whfu  we  reflect  that  thi;  n-lati^'c  quantities  of  indol  and  skatol 
differ  greatly  in  differeat,  appareutly  iiientical,  tjperiuionts  we  are 
almost  forcea  to  the  explanation  advanced  by  SalkowKki,  viz.  that 
the  difference  in  the  product  must,  cofteris  paribus,  depend  upon  lb« 
difference  in  the  agents  which  bring  about  the  decomposition,  to  wit, 
the  bacteria.  To  support  his  coutontion  Salkowski'  callsi  to  our 
rcineiubroucc  the  uxperimuHta  of  Fit^'  on  two  urgauisms.  of  which  the 
fir»t,  wliuu  actmg  ua.  glycerin,  uearly  aluays  produces  ethyl -lUcnhol, 
and  the  second  butyl-aloohol.  Similarly  we  may  awuino  the  existence 
of  au  iudol -producing  and  of  a  akatol-productog  micro-organism, 
though  no  one  ha»  as  yet  succeeded  in  cultivating  them  separately 
and  ideutifyitig  them. 

rbrticai  tad  Skatol,  like  indol,  crystallises  iu  the  form  of  platelets, 
rtf^c*]  itro-  which  tiave  a  melting  point  of  95°  C.  and  &  boiling 
PHtiM  or  tka-  point  of  26.5^—26(1'  C.  It  posseBses  a  loatlisomc.  fswar. 
odour  It  is  more  sparingly  soluble  in  water  than 
indol.  but,  in  the  presence  of  steam,  distiLs  more  reailily  than  m^isA. 
Il  in  reudilv  auhible  in  alcohol,  ethur,  cldurofumi,  ami  benzol. 

It  forms  a  frompuund  with  bydn>cbloric  acid  which  has  the 
composition  (C;H»N*),HC1;  this  oompouiid  is  readily  soluble  in  alcohol, 
but  insoluble  in  water  or  ether.  "U jtli  picric  acid,  as  already  slated, 
skatol  forms  a  crystalline  compound,  analogous,  and  very  similar,  to 
the  indol  compound.  It  is,  however,  distinguisbed  from  the  tatter  in 
that,  when  treated   with  caasttc   soda  and    distilled,  skatol    {sutses 

>  ■  la  UaoB  xsOKov  Tmmebe  wanla  Is<lol  Tcnaliat,'  SftlkowaU,  ef.  otU  p.  Ua. 

■  SaUunnki.  <^  Hi.  p.  t4<. 

■  itti4.  p.  Ut. 

*  AIli.  Fits,  *  tJetwrBpMltcahruDRCB.'  Btr.  if.  de*Ueh,  dktm,  QntlUch.  Vol.  ui.  11879), 
p.«4&  • 
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unclianged  into  the  distillate,  whereat  the  picric  add  oompotrnd  of 
todol  wlieu  lamUarly  treated  doea  not  famish  indol,  to  consequence 
of  the  latter  being  decomposed. 

o'»'»«*»rt»uc        Skfttol   ie   recognised   by  its  crystalline   form,  its 
"■''''*°*  f»cal  odour,  and  it*  melting  point,  and  by  the  following 

rcoctions : 

1.  It  doea  not  like  indol,  which  it  closely  resembles,  give  a 
red  colouration,  or  pn>c)pitato,  with  nitric  ncid,  contnining  nitrous  acid, 
but  only  a  milky-white  turbidity,  which  is  perceptible  iu  a  solution 
containing  1  part  of  skatol  in  10,000  of  water  (Salkowski). 

2.  It  di-isolves  in  concentrated  hydrochloric  acid,  the  solution 
possessing  a  violet  colour. 

S.  When  a  solution  of  skntol  is  treated  with  a  solution  of  sodium 
nitro-prusaide  and  then  solution  of  caustic  soda  is  added,  an  inteoac 
yellow  colour  appears.  On  now  adding  one-fonnh  of  its  volume  of 
^'lacial  acetic  acia  and  boiling  for  some  minutes  the  solution  gradually 
becomes  violet.  The  inteusity  of  the  colouration,  which  is  not  great, 
increases  witi  time.  When  shaken  with  acetic  ether,  the  colouring 
U3atter  is  taken  up  by  it  (Salkownki*). 

4.  When  skatoE  is  dinsolved  in  benzol  and  the  solution  is  treated 
with  a  solution  of  picric  acid  in  bon»ol,  the  red  picric  acid  cnmp.-.und 
separates.  When  distilled  with  caustic  soda,  this  yields  skatol 
unchanged  {vid$  eupra). 

Fa-W  aid  Skatol  Is  in  great  pai-t  excreted  in  the  fseces;  aomi 

tTuiBrorm&.       jg^  however,  absorbed,  oxidised,  and  excreted   in   th^ 

ooMof  .itaioi    ^ij^^p  ^  ^^^  of  i[,g  80-callcd  elhei-eal  sulphat 

toxyl-sulphuric  acid  (compare  p.  169). 


,C.CH.  =  C.COOH 

S.     a-Skatolcarbonic  acid.  Ci*U,NO,  =  C,HA       --^-^ 

lu  addition  to  indol  and  skatol,  £.  and  H.  Salkowski  discovered, 
amongst  the  ccniMatit  products  of  the  putietactioa  of  proteids,  a  body 
which  IS  cloflely  relatcil  to  the  twg  former,  and  to  which  they  gave 
the  name  of  skatolcarbouic  acid*,  a  name  juslitiL'd  by  the  faet  that  it 
may  h^  artilicially  produced  by  heating  mcthyl-indol'  and  metallic 
aodium  in  a  current  of  CO,. 

Mod*  of  tB-  The  method  of  preparation  of  skatot-carbonic  acid 

pantion-  which,  unlike  indol  and  skatol,  is  non-volatile,  is  so 

■  SKlkoHski.  op.  ttt.  ZtiUch.f.  phyt.  ChrmU,  Vol.  riii.  (1688—841.  p.  4M. 

*  E.  Salkowski,  'Znr  Kcnntni»  der  Rjwoisafiuimi*.  11.:  Die  Bkawlcubaniiim, 
nadi  itomeiDHoh&flUcl)  mil  II  Sklkonaki  in  MUnitoi  t.  W.  aoitMlollUa  Tamufam,* 
ZtiUehr.  f.  ^hg,.  Chemir,  Vol.  Ii.  a-i«i).  ivj>.  3— 3». 

*  CiomiciAB  and  Miuiuinini,  'Uebor  dio  CaiboiuiitirDn  d«r  U«U)]rttndol«,'  Ber.  d. 
deutKh,  ehem.  GtttU.  Vol.  ixi.[lH88),  p.  I'iiS- 
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complicated  tbftt  the  reader  is  referred.for  thedescription.to  Salkowski's 
original  paper.  The  body  posscssc*.  however,  ctietDLcaJ  characters 
which  permit  oT  its  ready  ideiitificatioD.  aud  the  ff^lowiog  method 
siittic«i>  to  yield  Q  product  which  enables  its  reactions  to  be  tried. 

Thirty  or  fifty  cc.  of  the  decomposing  liquid  are  concentrated,  on. 
the  water  bath,  to  about  one-fifth  tfieir  volume,  by  which  means  indol 
and  skatol  are  driven  otT.  The  liquid  in  then  acidified  with  glacial 
acetic  acid  aod  sliakcu  with  ether.  The  ctlier  in  separated  and 
ahiikeo  with  a  very  wr-ak  solution  of  sodium  carbonate,  which  takes 
up  tlic  acid  fniin  the  cthert^al  soliitioii.  The  sodium  skatol-carbonate 
BulutiuQ  van  then  b«  employed  fur  trying  the  reactiona. 

PrvvntlM  of  Skatol-carbonic  add  occurs  in  the  form  of  colourless 

^w-flwuTOUo  i^.aaets  which  are  readily  soluble  in  alcohol  and  ether. 

and  sparingly  soluble  in  water.     They  melt  at  a  teni* 

pemture  of  164"  C.     When  .ttill  ftirther  heated,  the  body  splits  up 

mto  skatul  and  carbon  dioxide. 

j^^jj^^^  1.    {Nitric  acid  and  p&tamum  nitrii6\)  W'heu  a 

solution  of  the  acid  (which  may  only  contain  1  part  in 
lOOU  of  water)  i»  treated  uith  same  drops  of  pure  nitric  acid  (of 
sp.  gr.  li!)  and  tbeu  with  a  few  drops  uf  potussium  altrite  solution 
(2  *,'„),  the  solution  a8suiuc«  pretty  generally  u  cherry-red  colour;  it 
then  becomes  turbid  n.nd  depositn  a  red  C4>l()unng  matter,  which  is 
diieolved  by  acetic  ether,  when  this  liquid  is  shaken  up  with  it.  The 
solution  ID  acetic  ether  exhibits,  if  sufficieutly  diluteti,  au  absorption 
band  in  the  green.  When  the  solution  in  acetic  ether  is  shaken  up 
with  solution  of  caustic  soda,  the  former  is  dc-coluurised,  whilst  the 
former  acquires  au  iatensc  yellow  colour.  If  now  an  oxc««s  of 
livdrochlonc  acid  be  added  the  red  colour  is  restored,  and  again  is 
ditwolvod  by  acetic  ether.  Instead  of  acetic  ether,  amyl-alcohol  maj" 
be  cmpluycd,  in  which  the  red  colouring  mutter  ia  even  more  soluble. 
It  is  insoluble  in  ether,  benzol,  and  chloroform.  The  reaction  with 
nitric  and  nitnitiH  acids,  though  remitKling  one  uf  the  indnl  reaction 
can  be  abewn  not  to  clepenil  on  the  formation  of  nitrate  of  nitroso- 
indol  (Salkowski). 

2.  (Hydrochloric  acid  and  bleaching  powder*.) 

The  tupieous  solution  is  treated  with  au  equal  volum*.-  of  HCI 
(of  1'2  np.  gr.)  and,  nfternardH,  with  some  drops  of  a  weak  (1 — 2  */J 
Bulution  of  bleaching  powder.  The  mixture  gradually  acquirofl  a 
purple-red  colour  and,  after  long  standing,  depusitJi  a  purple-red 
precipitate  which  is  easily  soluble  in  alcohol 

3.  (Hydrochloric  acid  and  ferric  chloride*.) 

This  reaction  is  much  mmi:  delicate  than  the  two  first  IF,  to  a 
solution  containing  I  part  of  the  acid  in  ]0,000  of  water,  a  few  drops 

>  SaDmnU, '  U«bar  dM  Varlullan  ia  8k»totcsrl>onMiirv  in  Orcaakintu,'  HHUek, 
f.  Bhw.  CAm.  T«l.  n,  (ISaG),  o.  28. 

•  SKlkewAf.  »f.  eil.  ZtiUeh.f.  pkyt.  Clum.  Vol.  b.  p.  S6. 
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of  hydrocbloric  acid  be  added,  and  then  two  or  three  dropa  of  a  very 
dilute!  solution  of  ferric  chloride  and  the  mixture  be  then  heated,  it 
anies,  eren  before  the  boiliug-poinl  is  retwhed,  of  an  iutense  violet 

lour.  If  the  duhitiou  be  more  dihite  (1 :  100,000)  the  reaction  is 
^ill  very  distinct ;  if  taarv  concviitratud,  a  larger  qimntity  of  acid  aud 
iryu  solution  mu8t  l>o  added,  aud  the  colour  is,  in  that  case,  aii 
iTitensL'  clicrrj-rod. 

Oceiirr«Bo»  SalkowsVi  bos  found  that  when  skatol-carbooic  acid 

^nT'^i^r'to  '*  introduced  into  tho  body,  it  is  excreted  unchanged  in 
tb«  nilao.  '^"^   urine,    where   it    may   readily   be    detected.     He 

believes  that  he  detectM  the  presoace  of  this  body  iu 
Dormal  human  tirine'.  Baumann  does  not  however  bold  the  evidence 
oq  this  ]K)int  to  be  decisive'. 

Driuvatives  of  Ttrosine    found  ix  the  Products  of  the 
BjLcrERiAL  Becompositiok  of  Proteids. 

Besides  indol,  sicatol,  and  eikatol'Carbauio  acid,  certuD  aromatic 
bodies  which  have  been  shewn  to  be  derived  from  tyroMue  are 
found  amongst  the  products  of  the  bacterial  decomposition  of  the 
albuiuluuti!;  and  idbutuiuoidal  bodies,  and  therefore  in  pancreatic 
(Ugcfitions  complicated  with  putrefaction.  Our  knowledge  of  these 
ammatic  products  of  putrefaction  of  tyrosine  in  based  on  the  reseai'ches 
of  B&umann,  Brlegcr,  E.  and  11.  Salkownki,  Tb.  Weyl  and  others.  It 
is  to  Bauniaun  that  we  are  indebted  for  the  conception  of  the  way 
io  which  the  priucipnl  products  of  the  docompoaitiuu  of  protelds  are, 
probably,  related  to  unu  another  (refer  to  page  248). 

1.  According  to  Baomnnn,  tyrosine,  when  subjected  to  putre- 
faction, yieldn  by  a  process  of  reduction,  as  the  first  product,  Djrdro> 
paracumaric  acid,  thus : — 

'    *  1 CH, .  CH(N  H,l.  COOH.     ^ 

FKroxyphenyl-a-nmidoptvkpiaiiic  ticiil  [Tyrosine) 

OH 


=  G^| 


CH,.CH,.C0OH."**^^ 


P«X8*oxyplti>n,Tl- propionic  or  hrdropuitcuiimtio  uid. 

S.  By  a  process  of  decomposition  and  subsequent  oxidaliioQ 
(compare  etjuations  2  and  3,  p.  24S)  hydropamcu marie  scid  yields 
paroxjrpheoylacetic  acid  (E.  and  H.  Solkowski). 

^•"*|CH,.COOH 

PaiU'nxvpliiinjt.uetio  aoitl. 

>  E.    Salkowaki.  '  Uober  du  Varh&luu  <ler  Sk&lolcaTbonriiiM  im   Organlnxnu.' 
Ztit$fli._S.  jihiji.  Cliem.  Vol.  n.  (ISM),  p.  M. 

'  Uaunann.  Her.  d.  dciiUcli.  chtm.  QutUach.  Vol.  xui.  p.  294. 


CUJLP.  X.] 


HVDROPABACUMAKIC  ACID, 


489 


3.    By  a  process  of  decomposition,  pojoavphcn^'lacctic  acid  apUte 
up  into  carbon  dioxide  and  psmakresot,  tliiis  (Wcyl) : 

OH 
CH,.CO0H 

PBrft-osTpheD^l-aoatio  uiiL 


C43.- 


=  C.H.{°|  +  CO. 


Pu»ki«aul, 


+.  By  a  process  of  oxidation  and  siil»ii-i[ut'Qt  decomposition  (refer 
to  equations  S  and  6,  p.  24S),  porokrefiol  yields  as  product*  H,0,  CO, 
and  C,Hi  ■  OH  or  phenol. 

In  addition  to  the  abovu  productn,  E.  and  H.  Salkowski  have 
also  found  phenyl -propionio  aud  phony I-aoftic  acid  among«t  the 
products  of  decomposition  of  certain  albuminoid  bodies. 


HijdropanKntmaric  acid,  C,H..O,  CH0.CH,.CH,.CH,.CO.OHX 

(P«rA-ox7pbcii]rl-|itopii>nio  uUI), 

This  acid,  besides  being   found    amongst   the   products  of  the 
decomposition  of  proteids,  is  also  found  in  urine. 

^^^  When  obtained  by  evaporation,  iho  acid  first  of  all 

prewcLta  the  appcarauce  of  all  oil,  which  subatHjuently 
cryHtaltiiwa  When  recrystallised  from  water,  it  foims  Buiall,  coluurluh's, 
anhydrous,  monoclinic  crystals,  which  are  readily  soluble  in  water 
(es])ecinlly  hot),  alcohol  and  ether.  The  iH>lubility  of  this  acid  in 
water  is  greater  than  that  of  parozyphenylacetic  acid.  Hydropara- 
cumaric  acid  is  sparingly  soluble  in  benzol,  but  more  soluble  than 
paroxypheiiylacetic  acid.  The  melting-point  of  the  acid  in  125' — 
128'  C.  The  zinc  Kalt  has  cho  composition  (C,H,0,),Zd  -I-  2H,0  and 
enrstjjluee  in  pearly  tables  and  IcaHcto,  which  are  Boluble  in  ISO  porta 
of  wat«r  at  ordinary  temperatures. 

_  With  solutions  of  ferric  chloride  it  gives  a  fleeting, 

but  distinct,  blue  colouration.  When  boiled  with  Millon  s 
reuKCut,  the  solution  aaiimei;  a  r«d  colour  and  a  rod  precipitate  foraifi*. 
It  dues  not  reduce  Febliug's  solution. 

B«h«Tl(iw  1b  When   introduced    into   the    organism    bydropora- 

UwocsaaixiD.     cumaric  acid  is  excreted  in  the  urine  in  part  as  suob, 
and  in  port  as  phenol. 


)  FlSgge  ahawcd  that  phenol  eihttiiu  Millon'i  rextlon  (P.  C.   Flilg|«, 
BcwtioD  kur  CubolMDFS,'  XeiUeh.  /.  anal.   Chemtr,  Vot.  u.  (IHTSV  p.  173. 


0.  Nun 

htricU,  ToL  a.  (1880).  m).  i — I.  •liuwed  Uui  UUInu'*  inKtiua  ii  noL  conltiKd  to 
Biotdda  utd  to  ^TMin,  but  ia  k  KMenl  nttclioB  of  «ll  vgoaLio  bodirs  ia  «liick  ft 
fajdiov'  group  U  eooawM  wiUi  in*  tMnsol  ring. 
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Pitni-oxifphentfUicetxc  acid,  C,H,0,  (HO.CH^.CH,.CO.OH). 

Thi«  acid  won  obta)n«<l  by  £.  and  H.  S&lkowski'  as  a  product  of 
the  putrefaction  of  wuul  iuid  uf  albuiauiuus  bodiea,  uiid  by  Biuiinaim 
froai  tyiusin  by  a  proccsFi  uf  putrcfactiun  iuitiatcd  by  dccomposiog 
paocreaa',  beMiUes  b«iug  foiiud  by  liim  iu  tlic  urins,  after  injectiuu  of 
tyrosiD,  in  phosphorus  pniaouiDg,  Sk. 

Ptajiicai  ud  Para-oxypli«?iiyl -acetic  acid  crystallises  from  water  in 

^mnloal  pro-  j(,g  |;,^^  ^j'  priHinatic  transparent  plisnis  which  ikre 
readily  nilubW  in  water,  alcohol,  n.nd  ether,  but  soluble 
with  difficulty  tu  beuzol,  It  melts  at  14U^  C.  and  whcu  more  strongly 
heat«d  is  partly  decomposed  aad  partly  volatilises  UDchaoged.  ^e 
sulphates  of  copper,  zinc  aad  oulxDium  precipitate  aqueous  aulutioos 
of  ils  ammotiiacal  salt. 

Acetate  of  lead  dues  uot  precipitate  dilute  aolutioos  of  the  acid 
but  when  added  to  coitceutraied  sultitioDH  occasiuu^  a  erystaltliie 
pn^ipitate,  i^olnble  in  excess  of  the  precipitant  but  which  sub- 
seijueiitty  slowly  separates  out  again.  Luder  the  iuduence  of  putre- 
factioD,  thia  acid  decomposes,  yielding,  as  products,  paiakreaol  and 
carbon  dioxide. 

With  solution  of  iron  chloride  it  gives  a  pale  Erey- 
violet,  which  soon  changes  la  a  dirty  grey-green  colour- 


TianTliiiii 
atiou. 


It  exhibits  the  rod  reaction  when  boiled  with  Millon's  reagent 

BataATioiir  m  This  acid.  which,  as  has  been  sud.  is  found  in  llie 

ttw  atBUUun.  uriny  oftur  lyroein  has  been  given  with  the  food,  ie 
excreted  partly  id  the  punt  condition  and  partly  in  combination  with 
aulpbuhc  acid'. 


Phenvl-acetic  ucid, 
CH..CH..COOH 


aitd 


Phenifi -propionic  acid, 
C,H,."CH,.CH,.COOH. 


These  two  acids  were  discovered  in  the  products  of  the  putre- 
hccive  decompuMtiou  of  albuminous  substances  by  tho  hrothera 
Salkowski'. 

■  Z.  Mid  H.  Salkowski.  Btr.  it.  dtuttch.  ek<m.  Oft.  Vol.  %a.  p.  850. 

*  Itftiimitnn,  ZtiUck.  f.  rhtj..  Chtm.  \f\.  iv.  (1SB0>,  p.  SOS. 

*  R.  Salkowtilci,  -Ziir  K«niitniiui  dnr  Pinerc'iuiverdnDtitii;  (varliiulifta  MittliniluDi^),' 
Ztitteh.  /.  nAyrwI.  CA/mw.  Yi>l.  ii.  ,!««— TS).  pp.  420 — 134,  In  tlin  ■  Siwhsoli rift'  bo 
[his  pnpei  uie  Auihor  BDnoanceK  chat  hU  brother  btul  iilenliAe'l  tbe  nnid  at  which  it 
U  trealad  as  phmiyl-UHiIlc  acid ;  hoc  ikl»o  E.  and  EI ,  Salkooski,  lirr.  d.  d.  cAem,  ilttlL 
Vol.  xu.  (1879)  pp.  107  and  GS8. 

B.  SaUKiwiU,  '  Zur  Eeuutniaa  dci  EIwciMfauluiBe  d.  l>i«  Ekaioloarboiiaiai*,' 
Zeitich.  J.  fhvt.  CAcmtV,  Vol,  ix.  11685},  pp.  ft— 32,  Thp  TntaUlo  airumatio  add)  nt 
rafetnd  to  and  the  wh«nie  for  their  Mpartttion  nidical(yi  (pp.  10—17), 

E.  SaUtowald.  ■  Zor  KenntnlM  der  eiweffiBriulniu  III.  Ueber  die  Bildnng  do-  nJoht 
hfdioxj^Uflcn  oronutiMbeQ  Sjiuron,'  Xiitth.  /.  ph)fi.  Chtmit.  Vol.  ex.  (1SS5),  pp.  491 
— fiLO. 
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The  relative  proportion  of  the  acida  present  depends  on  the 
length  of  time  during  which  the  proceRs  of  decomposition  has  been 
going  on,  phenyl-propionic  acid  being  tirat  formed.  In  the  early 
■tagee,  phenyl -act!  tic  ucid  may  ha  ab&ont. 

Besides  being  found  anion^^t  the  prodtictJi  of  the  decf imposition  of 
albumin  and  gelatin  by  anaerobic  bacteria  (Neucki').  inese  acids 
have  been  detected  in  the  contents  of  the  rtimeit  of  the  ox  (Tappeiner*). 

Meibod  of  The  liquid  products  of  putrefaction  are  diiitilled  to 

Mpacauon  .  one-fiixth  of  their  original  vuluinc  and  the  renidue  ia 
still  further  concentrated,  tbuu  treated  with  ali^bul  and  the  alcoholic 
extract  is  filtered  from  insoluble  maLters.  The  nicohotit:  filtrate  is 
evaporated  to  tlryne^R,  and  the  residue  having  been  tn>at(;d  with 
water  and  rendered  strongly  acid,  by  means  of  sulphuric  acid,  is 
shaken  up  with  ether.  The  ethereal  solution  is  allowed  to  evaporate, 
and  the  residue  is  treate<l  with  solution  of  caustic  soda  until  the 
reaction  is  alkaline.  The  liquid  is  heated,  so  as  to  dissolve  the 
I  Bodium  soaps  of  the  higher  futty  acids  and  the  hot,  turbid,  solution  is 
preciiutatecl  by  means  of  barium  chloride.  The  mixture  in  filtered 
and  tne  clear  filtrate  is  evaporated  to  dryness,  acidulated  with  hydio- 
chloric  acid,  and  extracted  with  ether.  The  ethereal  tvolntion  is  now 
evaporated  to  dryness,  when  an  oily  residue  is  left,  consisting  of 
volatile  adds,  oxy-acids,  skatol-carbonic  acid,  succinic  acid,  &c.  This 
residno  is  distilled  in  a  current  of  steam,  the  distillate  being  collected 
in  a  »>lution  of  Hodium  hydrate.  This  alkaline  solution  is  now  con- 
centrated, acidulated  with  hydrochloric  acid  and  shaken  up  with 
ether.  The  rtjudue  loft  on  cvaponitiug  the  ether  is  distilled,  and  the 
ihtctions  which  distil  at  a  temperature  above  260'  are  collected 
apart;  these  IractinnN  contain  phenytpropionic  and  phenylacetic 
acids.  In  order  to  separate  the  two  aeitis,  the  oily  liquid  is  rubbed  up 
with  zinc  oxide  and  water,  and  the  magma  is  boiled,  with  considerable 
quantities  of  water,  and  filtered  whilst  yet  hot.  The  insoluble  matter 
oontaiua  the  piienylpropionate  of  /inc.  whilst  the  filtrate  contains 
line  phonylacotate,  which  separates*  nut  on  cooling.  By  decomposing 
the  rexpoctive  xinc  salts  the  pure  acids  are  obtained. 

Chsmiou  Pbcnylpntpionic  acid    crystallusos    in  long  slender 

ciiMMtw.  needles.  Us  meltiug-pouit  k  47  — ^"C.  and  it  boils 
at  about  280'  C.  Phenylacetic  acid  crystallises  in  broad  leaflets. 
Its  melting-point  is  76*5"  C.  and  it  boils  at  62"  C.  In  aocordancc 
with  their  coustitutiun,  neither  acid  gives  a  red  colouration  or  pre- 
cipitate when  heated  with  Uillon's  reagent 


Bpaltriite.'  Mottaltkifl*  f.  Vhem.  Vul,  i.  (18«9).  pp.  306  wd  M8. 

'  Tapp^inm.  XtiitehrifX  f.  Biol.  Vol.  iiii.  p.  "ISH. 

*  AlUKN)!!!  UiR  .Kiitluii  bM  oratuliv  «tiidiHl  lUl  [h«  oriftinkl  paper*  bearing  on  tbii 
•ubfjict.  in  liiji  dricription  nt  tliL-  nulhoda  of  neparatlon  of  lh<«e  budi^i.  be  bu  »T4lU>d 
blioMlf  of  the  •nccinct  Mooant  Kivnn  in  Uoppe-Seyler'i  Hajulbutfi,  d-c,  6te  Aof.  Berlin, 
IMS,  p.  IW. 
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B«ii«vionriB  ,1.  Phenyl-propitmic  add.  Phenyl-propinnic  acid 
Ui«  oTfaaiam.  appt-are  in  the  first  instance  to  be  oxidised  id  the 
auimal  cconomi,',  and  the  boDzoic  acid,  which  i^  the  result  of  this 
prodfiui,  L-cniJiigatiiig  itnelf  with  gl^'ceriti,  hippuric  acid  results,  which 
\a  excreted  in  the  unue.  £,  aod  U.  Salkowski  believe  that  the 
oxidation  of  the  phenyt-prcpiotiic  acid  which  i^  formed  in  the 
aliueittAiy  canal  of  caroivom  as  a  product  of  the  putrefactive  de- 
ooDipotttion  of  the  proteids,  is  the  source  of  the  hippuric.  acid  which 
thoy  oxcreto  in  the  urine', 

h.  Plienyl-€UXtic  acid.  When  phenjl-acetic  sci'd  is  introduced 
into  tlie  alinwDtary  canal  of  dogs,  it  is  absorbed  and  oombines  iii 
the  ocouonoy  with  pljcocine,  giving  rise  to  a  conjugate  acid  to  which 
E.  and  H.  Salkowskt  have  assigued  the  name  of  phenaceturic  acid. 

PhmwMuric  acid  C„HuNO,  (CH,.CH,.C0-NH.CH,.COOH). 

This  Acid.  b««idm  being  produced  whco  phcoylacctic  add  is  artifioiallj 
ititn>diic«d  into  thw  orpuiisiu  of  do^  is  m  nonnal  coiutttaeDt  of  the  tuiiw 
of  the  hone  and  porhaps  o£  d»t  of  man. 

**  It  t«  spahnglj  soloUe  iv  -«-*t«r,  though  more  H^ublo  tlum  bippario 
add  ;  it  is  maij  nJuble  in  alcoliol  and  acetic  etbor,  but  is  sparingly  aoloblc 
ia  ether. 

"  Iba  loelting-pi^iut  is  1 4S*  C.  Whea  boiled  with  hydrochloric  acul,  it  ii 
Tcaol^tx]  into  glyoocine  and  phuny I-acetic  add*," 


Phenols  resultlvo  fbom  the  Pi-trkfactive  DGOcwFosmox 

OF  Tykosise. 


ParakntoL 

■  OH 
CH. 


CH.< 
C,H,0 


PktooL 
C^OH 


Repcttting  the  processes  emplo^iixl  b>'  Nmcki  In  the 
of  iodol  from  cjeoomposing  pvMeidi;  Banmann*  arriTed  at 
dusiui  thki  appreciable  qua&titiee  of  a  phenol  are  always 
daring  paocreatic  patrefiutioo. 

W  «yl\  at  the  mggosttou  and  with  the  aid  of  Banmaan.  i 
experiments  which  led  to  the  same  resuh,  but  diewed  thai 


>CAar  4m  Tatkabn  4w  mi  > 


^>  XMmL /.  p%a  «&(«iib  1M.  1 
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which,  as  Xeticki  liml  shown,  does  not  yield  indol  as  fl  product  of 
['bsoterial  deoompoaitiun,  hIho  fuminbcs  no  phenol.     Brieger*  shewed 
that  die  excrcmcuts  coutaiii  a  pbenoL 


BWUWd  Sf  M- 
pKraUiic  pi»- 
nalt  trom  pro- 
duou  at  putr»- 
fhdUML 


Mixtures  of  albamiti  and  pancreas  lu-e  digested  iu 
the  incubaUjr  at  a  temperature  of  40"  C,  from  3  to 
4  c.c.  of  a  solutiou  of  aiumotiium  carbouato  bciug  added 
to  each  litre.  After  6  d&y»'  digestion,  the  liquid  product 
is  distilled,  and  the  distillation  coDtinued  so  bug  aa  the 
distillate  becomes  distiiiclly  turbid  on  the  addition  uf  bromine  water. 
The  strongly  alkaline  distitlftto  is  shaken  up  with  one-half  to  three- 
ftiiirth»  its  volume  of  ether  luid  the  ethereal  solution,  having  been 
colk'eted  apart  by  means  uf  u  separating  funnel,  is  distilled.  Tbc 
residue  is  treated  with  caustic  alkali  and  water  and  again  distilled. 
The  distillate  confiista  of  water,  ammonia,  itidol  and  skatol.  As  soon 
as  DO  more  iodol  distils  over,  the  residue  in  the  retort  is  ueutruliiied 
oe  cnrcfolly  as  possible  with  sulphuric  acid  and  again  distilled.  The 
diBtillat*;,  whicli  routaioH  the  ptieuoU,  la  abuudautly  precipitated  on 
the  addition  of  broniiuo  water,  and  the  precipitate  verj-  soon  becomes 
cryDtatlinc,  the  crj'Stals  presenting  the  appearance  of  fiDo  needles. 
If,  instead  of  precipitating  with  bromine  water,  the  distillate  is  shaken 
up  with  ether  and  the  ethereal  solution  is  evaporated,  a  residue  is 
obtained  which,  when  the  pancreatic  elands  of  several  oxen  have 
been  eiuptoycd,  cousisLi  of  some  drops  ofaii  oily  liquid ;  ihvm  puoseiis 
an  obvious  hqm^II  of  phenol  and  exert  a  riuutic  action  when  applied 
to  the  skin.  When  dissolved  in  watvr,  the  solution  gives  with  ferric 
chloride  a  Lliie-violet  coluumtiuu,  and  with  ammonia  and  a  particle 
of  bleaching  powder  a  beautiful  blue  reaction.  Batimann  recognised 
that  the  phenol  thus  obtained  was  not  pure,  and  stated  that,  when 
precipitated  with  bromine,  the  tribromophenol  obtained  contaiuod 
more  than  the  theoretical  quantity  of  bromine. 


Bsirniinn  As    it    had    been    shewn    that    the    urino    of    tho 

"^^J^"^  horse  contained  tbc  potoasioru  salt  of  par»kroBol-sul- 
kracoi  la  ui*  phuric  acid  as  well  aa  that  of  pbenol-sulphuric  acid,  it 
produDtatifpn-  appeared  likely  that,  iu  the  process  of  putrefaction  of 
tntuaoa.  proteidB,  parakre^ol    might   be  produced.     A  research 

conducted  by  E.  Baumann  and  f,,  Ihieger  proved  the  accuracy  of  the 
surmise*.  SubKcquently,  working  tinder  Baumann's  direction,  Wcyl 
(niccceded  in  obtaining  both  parokreaol  and  phenol  by  the  putrc* 
factivu  decompositioa  of  tyrosine*. 


■  L.  nrieR«7,  '  VdxT  dii<  lliichtwaa  BMUDdthdlo  dsr  mmMUbbea  Bxenmrato ' 
(tna  i.  Loboral.  Ton  Vntt.  ^oncki).  Crr.  d.  d.  <hem.  OtttU.,  Vol.  %.  {WTt).  p. 
tOlT  rf  arv. 

'  E.  Bitomuiii  nsd  L.  Briag«T, '  U«l)«r  di^  BnUUhnng  rtm  Kntoka  M  ibr  FiololM,' 
Zttueh./.  phut.  Chtm.,  Vol  m.  ll«7*).  p-  H'J. 

'  Til.  W«7l, '  Sfwltsng  van  Tjrronn  danh  BHabua»,' Xtil*tk.  J.  plqf.  Chtm..V6l,  in. 
(IITTSJ.  p.  8U. 
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ataUMlmof 

phnel  (mt- 
Mto    mU), 

cyi..OB. 


njvMl  Pheuol,  when  pure,  cr^irtAlUses  io  the  fi»nn  of  rhombic 

ncedlw;  it  tuelte  at  40 — 4S' C,  and  boiU  ftt  IfW'— 
180-O  .  It  is  soluble  in  Io  parti  of  water  at  IS  —17*  C. 
It  is  eaailj  soluble  in  alcohol,  ether,  and  glyoerin. 

In  aqueous  solutno,  mad  in  the  absence  of  alcoh<^ 

fiheool  exhibits  a  violet  raactton  iriieo  tnatcd  with  ferric  chloride. 
t  alto  exhibiu  Slillon's  reactioiL  With  bromiue  water  it  yields  a 
milky  turbidity  or  a  ciyHtalline  predpitaU;  La^-ing  the  compoattioo 
CtHiBr,OBr.  This  bodv  is  soluble  io  sttlutiou  of  aodiom  hydnte,  and 
the  solution  ie  ]»'ecipttated  un  tfae  addition  of  hydrocfaloric  acid, 
which  ihrovra  down  trihmmophenol,  C,Ht6r,0H.  This  oompoond 
has  a  melting-point  of  95' C.  It  contains  7S'5  per  oeaL  of  Br. 
When  boiled  with  Slillon's  rea^^t,  an  int^ise  red  ooloiuatioti  or  a 
red  precipitate  a  observed. 

Paiakreaol  is  much  less  soluble  in  water  than  pheooL 
It  uielu  at  S6^  C.  and  boils  at  198^  C. 

Aqueous  solutioQa  of  pacakreaij  are  oolgiared  Uae 
by  feme  cUorida  With  bromine  it  yields  a  erynaUine 
precipitate  which  pf«eeots  the  fom  of  maO  scales  and 
not  of  needles'.  When  this  precipitate  is  diMolved  in  alkalies  sod 
precipitated  with  hydrochloric  ackl.  the  body  is  foood  to  be  txibromo- 
pbettoL  It  would  appear,  aooordii:^  to  Baumann  and  Briefer,  that 
under  the  influence  of  bromine,  pankresoi,  like  pbenol,  yi^ds 
tnbrocno-phead,  00,  beii^  evolved,  as  shewn  in  the  foUowii^ 
equalioo: 

C.H,<g^  +  l4Br+2H^ 
-  CH^.OH  +  CO, + 9HBr '. 


msfnilwinf 


eB,.cy^.« 


.^_^___        In  order  to  separate  and  ideotifr  pbcnoi  and  pan- 
ic fbnM  aat    kresU  these bodi«  must  be  ooovertyedinto  ifae  mpectite 
ralphalM 


SrT.^4. 


''fKSlSSllSi??^ 


br  beating  on  the  wana  bath  fur  an  boor  with  aa  eqasl 
of  atroof  sulphuric  acid.     Tbe  barium  salts  al  these  acids 
separated,  the  compound  vt  psnkreat^aulnhnric  acid  beiaf 
ineohibK  whibt  that  of  para|fcwinh»lylwne  add  u  wtohk' 
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The  krewts  admit  also  of  being  id«ntilied  by  fusion  with  oauslic 
pt>tash';  orthokresol  fumiehcs  under  these  circuoiBtaaces  ortho- 
oxybeazoic  (ealicylic)  acid,  whilst  puro  kresol  yields  para-oxybenzoic 
aciil. 

B*lukTieiif  In  The  phenol  aud  porakresol  of  the  alimuutoiy  cau&l 
tit*  •MKkomr.  ,jjg  converted  in  tliu  ecunoray  into  etliert-al  BulphaLes, 
vitL  pbeaol  ifl  couverted  iuto  pbcDol-aulpburic  acid,  aud  parakrcsol 
into  kresot-sutpburic  acid,  which  are  excreted  as  potansium  salts  in 
Ihc  uriuc. 

It  is  probable  that  thcRc  conjugate  acids  tukc  thuir  origin  in  the 
liver.  The  amount  iu  wbicfa  tbey  are  present  in  the  uriuo  appears  to 
afford  an  indication  of  the  intensity  of  the  proceseet)  of  decomposition 
due  to  bact«rinl  action,  which  occur  in  the  alimentary  canal*,  *. 


•NOS-OCCCRBENCE  OF  PtOMAISES*  AS  PRODUCTS  OF  HOQUUlL 
Intistinai,  Decomposition'. 

We  ha7e  already  alluded  to  the  fact  that  the  proceeecs  of  the 
amatt  intestine  which  are  due  to  the  bacterial  decomposition  of 
proteide  differ  materially  from  thoae  of  ordinary  putrefactioQ,  aod  no 
more  striking  proof  of  this  assertion  can  be  advanced  than  the  fact 
that  neither  Briegcr*  nor  Baumann  and  Udiaoeky*  were,  under 
normal  circumstances,  able  to  find  any  of  the  so-called  ptomauies  In 
the  intestinal  contenta.  even  when  the  inteatines  had  not  been 
opened  for  a  day  after  death.  Thab  the  intestinal  conteuts  contain, 
however,  bacteria  which  are  capable  of  producing  ptomaines  has  beec 
proved  conclusively  by  tlie  production  of  these  basea  in  gelatin 
cultures  of  the  intestinal  bactcria. 

We  must  therefore  conclade  that  the  peculiarity  of  the  environ- 
ment must  be  the  cause  which  leads  to  a  resvilt  so  essential  to  the 

y.fiUeh.  /.  phjfi.  Chrmit,  Tal.  in.  p.  161,  to  ■  paper  hy  Enavlhardt  mad  Iiatsohinofl 
io  Jnhntb,  d.  ga.  Clum.  l^D.  p.  447,  ud  to  Hoppa-Bejln'*  UandhiKh.  Oth  el  (1SV3), 
p.  IM. 

'  fikamano  and  Bri^Ri^r,  ot>.  cli.  p.  ISO. 

'  ficfor  to  fvfm  im  m<l  m. 

'  On  ib»  rot^Mt  ot  the  GtbvrMl  •aljphatds  Ui«  r«<Ldci  nutir  mfer  to  the  tMowiafi 

SnpOTB  :  E.  Baoniuiii,  PflOgv'i  AreMi\  Vol.  am.  <187r>),  p.  3117;  E.  BBUmutn,  '  U«bor 
iu  ^eUierachweftliiiiren  der  Phanole,"  XtlUeh.  f.  vhfft.  Chtm..  Vol.  3.  (tB7»~9l, 
p.  895;  ArUiur  Chrittiani  and  S.  Baamuin. '  Ueber  oen  Ott  der  BUiluog  der  PbanoU 
schwefclMUrti  im  Thi«rltiiip«r.'  /Mitch,  f.  pHyi,  Chcm.,  Vol,  3.  (1878),  p.  869; 
E.  BauBULnn.  'Dio  aromatiBohen  VerbiiMiu)Kea  im  Hath  uai  die  DarmfBolniiB,' 
y.tiwh.  f.  phut.  Chrm..  Vol.  X.  (1886^  p.  188. 

'  By  the  term  ptona'int*  {from  rrHiia,  %  MipM,  OU«ue)  kK  dc«ig]Uit«d  nitrogmoila 
bodlM,  for  the  mMt  put  hkTing  buic  ehAracMir*  (oT  wUeh  bibdj  u*  inMiwel;  eoiaoa- 
uu>),  Mhich  uo  prodvosd  an  %  rmxiii  of  thn  liaetorial  dtcompOBitioD  of  dau  oodiM, 
4nd  otlirnriKA  wbmi  prot^it)*  pntr«^.  TbvM  bodinii  trill  ba  trwlod  ol  %\  length  In 
itnolhrr  ralitmo  of  tliU  noik,  nod  mro  odI;  inoldmtelly  rrferrcd  t«  here. 
'  BrioKH-  TirnUc)!*  med.  WoeheMch.  188T,  p.  M9. 

*  BMitikEu)  uud  Cdxaoik;.  'Uvlwr  dw  Vwhomawn  von  DiusiutD,  HgvnsDotoo 
Ptomalnm  b«t  C/ttiouri*,'  ZtiUtKJ.  phy»M.  Chtn.,  ToL  ini.  (18W(.  p.  696. 
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A«  we  shall  have  occasion  to  point  out  in  the  next  chapter,  when 
oonBidering  the  processes  which  have  their  seat  in  the  small  intogtine 
na  a  whole,  so  great  in  the  quantity  of  orgauic  acids  formed  bjr  the 
organised  fermeata  of  the  small  intestine  that  in  spite  of  the  sodium 
carbonate  which  the  mucous  metnbrane  is.  donotless.  perpetually 
secreting  during  digestion,  the  contents  of  the  small  intestine  ixvm 
pylorus  to  c^cum  are,  in  oppositiou  to  the  backnej'ed  teaching  of 
the  schools,  aJways  acid. 

Many  researches  have,  of  recent  years,  "been  conducted  on  the 
micro-organisms  of  the  small  intestine  and  on  the  fermentations  to 
which  they  give  rise,  and  of  thc*-ae  the  moat  important  is  that  con- 
cluded by  Neucki,  Uucfudyeu  and  Sieber,  the  mean  resulte  of  which 
have  been  buniuiarised  by  the  Author  in  the  accompanying  table,  to 
which  the  rwwlcr  i«  referred.  It  will  bo  Been  that  these  invesligatora 
were  able  to  ideutify  se7en  individual  nucro-organigms  which  give 
lise  to  fermentationn  in  the  smal!  intestines.  Of  those  only  two 
excited  any  action  on  the  albuminous  subetanceti  (Streptoa>cc\i* 
U'i'iefaciem  ilei  and  BacilUis  li'/ue/adens  ilei).  With  the  cieoption 
ol  the  l(wt-namcd,  alt  the  six  others  exert  a  powerful  action  ou 
dextroee.  Five  of  the  seven  decompose  dextrose  with  the  production 
of  alcohol,  oA«n  in  large  quantities;  six  of  the  seven  produce  lactic 
acid.  Amonest  them,  the  most  active  is  the  Streptoecccui  lique/acient 
ilei,  which  nlien  arting  oo  a  solution  of  dextrose,  convertA  nearly  the 
whole  of  the  sugar  into  iuacbive  lactic  acid  (ordinary  lactic  acid  of 
fcrmeutatioo,  optically  inactive  ethylidene-lacCic  acid*). 

The  conversion  of  dextrose  into  lactic  acid  under  the  influence  of 
ferments  is  a  process  of  simple  dccompoaition  which  is  identical  with 
that  which  uccnra  when  it  is  heattn)  with  caustic  alkalies,  and  it 
may  be  represented  by  the  following  equation: 

C,H„0,  =  2  (CH,  -  CH .  OH  -  COOH)i 

The  conversion  of  dextroM  into  alcohol,  if  we  leave  out  of 
consideration  the  very  numerous  by-producta  which  w«  formed  in 
the  prbcesa  and  confine  our  attention  merely  to  the  twu  principal 
products  formed  (alcohol  and  COJ,  may  be  represented  by  the 
following  equation : 

C3«0,  -  2  (CH, .  OH)  +  2C0,. 

Altliough  Xcncki's  researches  do  not  give  any  facts  bearing  on 
the  qaeacion.  it  is  probable  enough  that  the  butyric  acid  fermentatioo 
OC0UT6  io  the  intoetinc.  Under  the  influence  of  certain  of  tbo 
farments,  particularly  of  the  Bacteriuvi  iV*i  (Frey).  the  products 
of  fenncDtAtioD  separated  were  eucciiuc  acid,  tarcol&ctic  acid  and 
alcohol,  large  quantities  of  a  mixture  of  CO,  and  H  being  evolved. 

>  8m  Vol.  I,  (lit  «dii,).  p.  sea, 
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The  forniaticm  of  butyric  acid  firom  dextrose  is  represented  by  the 
equation 

C,H„0.  =  C^HbO,  +  SCO,  +  2H,. 

But  butyric  acid  may  also  be  developed  by  the  action  of  ferment* 
on  lactic  acid,  thus : 

2  (CAO,)  »  CAO,  +  SCO,  +  2H, . 


Sect.  3.    The  Decomposition  op  the  Fats  is  the  Suall  In- 
testine. UNDER  THE  INFLUENCE  OF  BaCTEBIAL  AcTION. 

Whilst  there  can  be  no  doubt  that  under  the  influence  of  putre- 
factivi:  organisms  fats  may  become  raiicid,  i.e.  be  drcomposea  into 
£atty  acidit  and  glycerin,  there  doeu  not  appear  evidence  to  support 
the  view  that  such  a  process  occurs,  or  at  least  attains  a  perceptible 
figure,  in  the  tsmatl  intestine'.  Lecithin  is  said  to  be  decomposed 
into  glyceriu-phoapboric  acid  and  choline,  the  latter  substance  being 
further  decomposed  into  carbonic  acid,  marsh  gas  and  ammonia*. 


Sect.  4.    The  Oases  op  the  Smacx  Intestine. 

Tiie  small  intestineH  are  always  mare  or  less  distended  with 
ga.-«es,  which  are  composed  of  carbon  dioxide,  hydrogen,  and  uiLrugen, 
marsh  gaa  being  absent.  The  following  are  the  results  of  the  gases 
of  the  small  intestine  of  the  dog  made  by  Planer*. 


. 

I. 
On  ■  meftt  diet 

U. 
On  ft  bnAddUt 

m. 

On  a  Uguaiaotu 
cUM 

CO,  in  100  volumes 

40-1 

13-9 

0  5 

46  S 

38-8 
«'3 
07 

54-2 

47  <J 

48-7 
0 
4-0 

N  

K.  B.  Hofmann  also  analysed  the  gases  of  tlie  small  intestiue  of 
the  doe  and  rabbit,  and  found  them  to  be  composed  of  a  mixture  of 
CO,,  H  and  N,  neither  0  nor  CH,  being  present'. 

>  MftobldfeD.  X«ii«ld  □.  Sidber,  »p.  elt.,  p.  317. 

'  Planar,  Sittungibfr.  d.  iCim.  Aknil.  d.  VTU*..  Vol.  mi.  (qotitM  a(  scenrxl  hand). 
'  E.  B.   UutiuKuu.  '  Uebei  die  Zuutmnivni^itxanK  dm  DnnngUMj.'    ll'ienrr   atd. 
Woehetuchrifl.  1872.  No.  %i  ;  MkIj-'i  Jakrubtrieht,  VoL  ii.  iX^U).  p.  SM. 


'ER  XL 

A  BRIEF  SURVEY  OF  THE  PROCESSES  OCCITKRING  IN 
THE  SMALL  INTKSTINE,  IN  KKLATIOX  ONE  TO 
THE  OTHER.  THE  DESTRUCTIOX  OF  THE  DIGES- 
TIVE ENZYMES. 

« 

Haviho  coiuidered,  in  detail,  the  action  of  tti«  Tarious  aecretionft 
wbich  are  poured  iuto  the  alimentarv  canal,  on  tlie  various  ooiisti- 
tuents  which  the  chyme  contains  on  leaving;  the  fltomach,  we  must 
now  Attempt  very  briefty  to  combine  the  vanoiin  factH  and  to  supple- 
ment them  bj  referenro  to  some,  the  cooBideration  of  which  it 
appeared  desirable  to  postpona 


Newly'diacovartd /act»  tending  to  prov€  that  notte  o/th«  tixitor  ioffwttd 
u  aiuorittd  by  tht  stomach,  but  pasaa  into  the  intestvte. 

Although  the  Biibject  of  abiiorption  will  not  be  minutely  dlscuwed 
in  this  place,  it  is  necessary  to  refer  to  researches  piibluhed  since  the 
Jinft  chapters  of  the  present  volume  were  priotod,  which,  in  oppooitioa 
to  the  statement  nuule  at  page  1  .^4,  prove  that  the  stomach  abaorb* 
no  water,  »o  that  the  whole  of  the  water  of  the  food  passes  during 
the  digestive  raoccss  into  the  intostine.  The  matter  hoH  so  important 
a  bearug  on  the  whole  couoeptioa  of  intcstinut  diecatioD  as  to  warraut 
tho  attention  of  the  r«ader  being  drawn  to  it  in  tiie  present  place. 

-.^y"**'^*  Tappciner',  as  a  reault  of  experiments  on  dogs  nod 

riMuvnu.  (^jg  j(j  which  he  bad  ligatured  the  pylurus  before  in- 
jecting into  the  stomach  solutionsofvurious  alimentary  and  poisoDons 
substances,  came  to  the  cuocluxiou  that  the  stomach  absorbs  only 
v«ry  MBaU  quantities  of  bodies  which  are  introduced  iuto  it  in  aqueous 
solution,  whilst,  on  the  other  band,  it  appears  readily  to  absurb  dilute 
alcuhol  and  subBtanoes  dissolved  in  alcoUoL  Thus  tho  quantities  of 
peptone,  glucose  and  sodium  sulphate  absorbed  from  wjucous  sda- 
tions  were  so  small  as  to  fnll  within  the  limits  of  experimental  error 
When  a  dose  of  an  aqueous  solution  of  alcohol,  BuAicient  to  induce 


pp 


•  H.  Taiipoinat,  'Vtim  BMorplkia  Im  HasoD.'  Z4lUtlL  f.  BiA,  VoL  s«t.  (LSSl^ 

i.  4»T— «n. 
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doGp  sleep  in  the  course  of  10  minutes  (when  admiDisterecI  to  &  dog 
with  unligatiired  pylorus),  was  administered  to  one  in  which  it  baa 
been  ligatured,  acarctrJy  any  phyaiological  action  ensiieil. 

Again,  wheu  sulphate  of  slrychuia  wa«  injected  into  the  stomach 
of  cjiLi  with  ligatured  pylorua,  deftth  from  sLrycbuia  poisoning  ensued 
in  a  period  varying  betwuen  one  and  a  half  and  three  houm  after- 
words, whilst  with  unligatured  pylorus  death  occurred  from  the  oonie 
dose  in  8  minutes.  If,  however,  strychnine  were  dissoh'ed  in  dilute 
alcohol  (0'04  grm.  of  strychnine  dissolved  in  5  cc.  of  90  p.c  alcohol 
and  15  cc.  of  water)  and  w«re  Injected  into  the  stomach  of  a  cat 
with  ligatured  pylorus,  death  occurnid  in  ton  miuules,  i>.  in  the 
same,  time  as  when  the  aarae  dosu  was  administcrwl  to  an  aDinial  in 
the  normal  condition.  The  conclusion  to  which  Tappciner  arrived 
was  that  the  absorptive  power  q(  the  .stomach  is  greatly  laferior  to 
.tiiat  of  the  intestine  in  ho  far  as  substances  dissolved  in  water  are 
icomud,  but  that  it  poHsc!«e.s  the  power  of  ab.<jorbing  dilute;  alcohol 
as  well  as  substances  dissolved  in  it. 

Anrep'  in  Ludwig's  laboraton.repearted  Tuppuiuer's 
experiments  oD  doj^  with  gutrw  fistule  but  came  to 
the  conclusion  that  both  sugar  and  proteids  are  absorbtil 
by  the  stomach  in  considerable  quantities.  Meade 
Smith*  introduced  solutions  of  sugar  as  well  as  ot  proteids  into  the 
Stomach  of  frogs  in  which  he  had  some  time  before  ligatured  the 
pylorus.  The  ()uautity  of  sugar  absorbed  varied  with  the  concentra- 
tion of  the  solution.  Meade  Smith,  liuwever,  found  that  the  quantity 
of  licpiid  present  in  the  stomach  ac  the  conclusion  of  the  experiment 
was  greater  than  that  which  he  had  iuiroducGd.  So  far  as  one  can 
draw  conclusioDS  from  experiments  iu  which  the  ooruiat  mechanism 
so  materially  disturbed,  the  absorptiuu  of  water  from  the  stumacb 
appeared  to  be  very  doubtful". 

The  experimenta  which  have  been  passod   under 
review,  witn  the  exception  of  those  of  Meado  Smith, 
concerned  directly  only  the  absorption  of  subetaooes 
dissolved  in  water  or  in  alcohol  and  gave  no  durect  answer  to  the 

Suestiou  does  the  stomach  absorb  ibe  water  introduced  into  it,  or 
oes  the  lattt-r  entirely  pass  into  the  duodcuuni  t  In  the  your  1802 
J.  S,  Edkins  published  the  result*  of  a  research  which  led  him  to  the 
conclusion  that,  whether  tbe  stomach  had  bocn^digwstiug  or  not,  "  the 
absorption  (of  water)  was  practically  nothing*." 

1  B.  r.  Aaren  "Di*  Aufwingung  ini  ilagea  in  Hoo^*  (m  d.  fhj*.  Aji*t*ii  ^a 
LdpliK),  I>n  BoU  Bmnond'i  Arekir.  i'kw.  JIhlk.,  ISSl.  p.  SM  «r  a^. 

■  B  M««d«  Bmitn,  'Di*  BMArptiAB'dM  Zaektm  and  il»  EiweluM  im  MAgut '  (mnw 
d.  pl»y*.  Aii«t«)l  n  LMpug).  Db  BoU  B«jrn»oi>d*«  JreAfr,  PAjd.  JftrA..  1884.  jifk. 
481—49')^ 

'  Sm  alM  M.  Scsall.  ■Tenuche  Ohm  dio  Reanption  d<«  Zaekeri  im  Uagm,'  tmmmm. 
Dim.  Mtuubm,  Wm.  AtMtnclcd  in  CtnirtJM.  /■  <!.  mtd.  RiuMi^A.,  ia99.  p.  filo. 
udMalj'i^aAmitHcU.Uee.p.W]. 

•Tt.  SaUns,  UJl..  M3.,  'Tfaa  AbMipttOS  of  ^^Ma  id  tbe  AluneoUfj  CmoaI* 
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Altbourb,  OS  wo  eball  show  Id  tho  sequel,  the  conclusioD  to 
whicl)  Etikins  iinivud  woa  curruct,  the  method  of  experimeDt 
adopted  was  of  auch  a,  nature  as  to  inHpire  creat  aud  reasonable 
doubts  aa  to  whether  iC  was  applicable  to  animals  in  the  phy«io- 
luj^cal  oondition.  Having  injected  into  a  cat  85  minim?  of  a  solution 
of  morphia  and  atxcpioe  containinK  half  a  graiu  (U'033  griiift.)  of 
bydrochlorate  of  morphia  and  one- thirteenth  of  a  grain  of  sidphate 
of  alropia  (0"0084  grm.),  and  having  placed  the  auimal  uuder  chloro- 
form, Edkios  ligatured  tightly  tho  cnrdiac  end  of  the  stumach  and 
then  tied  a  caimuU,  cummiiiiicating  with  a  reservoir,  into  the  pytunis. 
Emplojiog  a  normal  huUuc  koIuIiou,  he  fDumI,  as  stated  above,  that 
the  absorption  of  water  woa  virtnally  ni7.  To  these  experimontfl, 
quite  apart  I'rom  the  violence  of  the  treaunent  which  the  Htomnch 
nocessarily  suffered,  the  strongest  objection  which  can  be  urged  la 
afforded  by  the  fact  that  they  wore  performed  on  aniraala  to  which, 
in  addition  to  morphia,  a  very  large  uo»e  of  atropia  had  becu  admiiii- 
Htered.  The  disturbing  induence  of  this  drug  is  such  that,  iu  tho 
opinion  of  the  Author,  the  result  obtained  would  in  no  respect  warrant 
our  admitting  the  accuracy  of  Edkios'tt  coDclusiou,  were  it  not  for  tlie 
fact  that  a  beautiful  research  of  v.  Meiing's  has  now  entablishL-d  it 
beyuud  the  posaibiiity  of  doubt. 

».  K»fix4^  In  case«  of  marked  dilatation  of  the  stomach  deiiend- 

rMMJciiM  .  ijjg  ujwn  pyloric  Btenosia,  the  patient  usually  suffers 
from  thirst,  passes  lilllc  urine,  is  coustipatcd.  and  ha3  a  dry  skin, 
phenomena  which  liavo  be^ri  explained  ou  the  hypotbe^is  that  duid 
Id  ubaorbud  with  difticully  by  a  dilated  stomach  and,  bt-sides,  thai 
Uttk-  can  paw  out  of  lUe  stumach  iuto  the  iut^itiue  uheu  the  pylorus 
is  contracted.  The  stomach  of  such  patients,  uqIcss  the  contents  arc 
artificially  evacuated,  usually  contains  large  quantities  of  liquid.  If  in 
such  a  case  the  stomach  be  emptied — for  example  in  the  evening — 
and  food,  consisting,  e,g.  of  a  thick  soup,  be  introduced  iuto  it,  tlie 
following  moruiug  the  stomach  is  still  found  to  contain  liquid :  uft^n 
indeod  more,  and  of  a  lower  spccilic  gnwity,  than  that  which  had 
been  introduced  tho  previous  evening*. 

Rea<«>ning  on  the^  clinical  facts,  v.  Mering,  who  appears  to  have 
been  entirety  ignorant  of  Etlkins's  research,  engaged  in  the  experinienta 
DOW  tu  be  referred  to.  In  the  first  iuaUiuce.  m  the  case  of  large  dogs, 
be  cut  across  the  duodenum,  fn^m  five  to  ten  centimetres  boTow  the 
pylonin,  and  Mwjng  each  end  into  tho  skin  be  obtained  two  fistulous 
apertures,  the  upper  leading  to  the  pylurus  aud  the  lower  into  the 
dnodenum.     When  the  animal  had  recorured  from  the  effucta  of  tbe 

(from  the  Pliy*iolo(Elo«l  Laboratoij  of  iba  Owcd*  CoUccd),  Jtmrmi  •/  PAytiob^.  Vol. 
uii.  (1S93).  pp.  -MS  -459.    8«c  pp^  tU— tfi». 

'  ^nit^nMir  Dr  J.  v.  Mering  (B«IM<  'Vthwr  <U«  FnneUon  dc*  M^tnu'  \VaUa 
MitKuku&g  TOD  l>r  M(l«bkfl  usd  Dr  HapfMl).  B«|MuMiUInick  i»u»  <kn  *  Var)iui4- 
langoB  <!«•  an.  V»iict«w  Ifir  iaatn  Hcdido  n  1Ti«ate4«a  IMM,'  Wi»iUd*&.  Vorlic 
von  J-  ¥.  B«rgBuan,  ISDS. 

■  J.  V.  HariBg.  «p.  eit.  p.  4. 
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aarcosis  and  the  operation,  water  was  given  to  it.  As  it  dnok,  water 
flowed  out  of  the  stomatih,  but  always  rhythiaically  and  in  distinct 
gushca.  On  introducing  the  finger,  it  was  easy  to  feel  that  the 
pyluruB  opened  and  closed  at  short  iotervaU,  Each  minute,  the 
pylnrua  opened  from  two  to  six  times,  and  each  time  expelled  several 
cubic  centimetreg  <2 — 15)  of  water.  The  outflow  occurred  under 
considerable  pre&sure  and  la«tfid  aomo  secoudtt:  then  came  a  long 
patuie  which  was  followed  by  another  gush  of  wat«r,  and  so  on.  By 
this  experiment  the  remarkable  fact  wan  eotabliKhod  that  (within  a 
few  CO.,  mora  or  leas)  the  whole  quantity  of  water  introduced  into 
tho  empty  stomach  flowed  out  of  it.  In  accordance  with  tbo  above 
statement,  it  was  foutid  that  an  aniiiml  upon  which  ttuch  an  operation 
had  hcma  performed  could  not  quench  its  thirst  by  drinking;  on  the 
contran,-,  the  more  it  drank  the  more  thirsty  it  appeared  to  be.  This 
fJEtct  is  explicable  by  supposiug  that,  in  conseauence  of  a  small  amount 
of  secretion  occurring,  the  stomach  actually  lost  water. 

By  LDJccti&g  30O  to  oOO  c.c  of  warm  imlk  three  timcn  daily  into 
the  duodenal  fialuU,  thij  animal  could  be  fed  and.  for  a  few  days, 
appeared  to  enjoy  perfectly  good  health.  Mfoz  a  period,  varying 
between  three  and  eight  days,  there  supervened,  however,  a  r«mark< 
able  association  of  symptoms; — twitchings  of  the  extremities  and  of 
the  facial  muHcles,  the  limbs  became  rigid,  the  teeth  chattered,  the 
pupils  often  became  dilated,  and  paralytic  or  paretic  eymptoma.  with 
constantly  heightened  tendon  reflexes,  made  their  appearance  ;  these 
were  aoon  followed  by  somnolonce.  deep  K'spiratiors  nnd,  ultimately, 
by  death.  TMa  aasuciutiuu  of  symptoms  eurresponds,  v.  Mering  re- 
marks, with  those  of  the  condition  which  Kussmaul  deacril^  a 
({uartcr  of  a  century  ago  under  the  name  of  gastric  tetany  C  Magen- 
tetauie ')  and  which  has  since  been  frequently  observed  and  ae8cnl>ed 
by  Gcrhardt,  F.  Milller.  and  others. 

As  all  the  animals  which  ha^l  been  subjected  to  the  operative 
procedure  above  referred  to,  died  in  the  way  described,  v.  Mering 
next  established  a  duodenal  fistula,  in  close  proximity  to  the  pyloraa. 
Having  made  a  suitable  incision  into  the  abdomiaat  wall  ana  drawn 
out  the  stomach  and  duodenum,  he  fixed  the  duodenum  at  the  spot 
selected  (5 — 8  cm.  below  the  pylorus)  to  the  wound  in  the  abdonainal 
wall.  With  thia  object,  6 — S  sutures  were  uitroduced  which  passed 
through  the  sernuti  and  mu»cular  coata  of  the  intcstiuc  on  the  one 
hand,  and  through  the  parietal  layer  of  the  peritoneum  on  the  other. 
After  three  or  four  days,  the  wall  of  the  intestine  cucloise<l  between 
the  sutnreB  was  incised  down  to  the  mucous  membrane,  fnxsh  stitches 
being  introduced  through  the  serouK  and  muscular  coata  Ooe  or 
two  days  afterwards,  the  mucous  membrane  was  incised  and  the 
communicatiou  with  the  interior  of  the  gut  established-  During 
each  experiment,  the  passage  downn-ards  into  the  small  intestine 
was  closed  1^  means  of  a  small  caoutchouc  bag  distended  with  wat«T. 
In  this  second  set  of  researches  the  results  obtaiued  by  the  6rst  wer» 
confirmed  and  extended.     In  one  case,  5U0  cc.  of  water  being  ad> 
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mioistered  to  a  large  dog,  400  cc.  were  expelled  in  the  siicceoding 
SO  minubea;  in  anotner,  Sa  niinut«s  after  the  adminiat ration  of  500  cc, 
4t)5  cc,  were  expi^lled. 

Kxperimeuta  further  proved  that  a  alaU  ftf  rvplelion  of  ihe  SToall 
inttttint  refiexly  shws  the  evticnation  nf  the  stomach,  and  that  pBycliical 
ezfiitenaeat  aUo  inhibits  it^  evacuation. 

By  further  observations,  v.  Merinc  shewed  that  when  water 
iholding  CO,  in  solution  a  iatroduced  into  the  stomach  the  gaa  is 
abundantly  absorbed.  Alcohol  he  found  to  be  abundantly  abaorbed. 
Orap<i-«uj^r,  milch -nugar,  cano-augar,  ami  maltoM,  nbca  ut  tolution 
in  wat«r,  are  all  alMonx'd  by  the  atuniach  in  cunsiderable  quaDlities. 
and  in  larger  quaDtitie«  when  in  alcoboUc  solution.  Dextrin  and 
peptone  are  absorbed  by  tht>  ntomach,  but  in  nmaller  ijuantities  than 
the  sugais.  The  quaotity  of  the  bodies  absorbed  increases  with  the 
concentnttioD  of  the  solutions.  Pari  ■passu  with  the  process  of 
absorption  of  the  bodies  above  named,  tnere  occurs  on  excretion  of 
water  by  the  stomach  which  ia  active  in  proportion  to  the  amount  of 
substance  absorbed. 


Recapitulation  ofUte  Chemical  Procenet  occurring  in  th«  Smatt 

InUttina. 

Wc  have  seen  that,  at  rhythmically  recurring  intonrals,  diiriog 
tlMproeesa  of  gastric  digestion,  thu  fiuid  part  of  the  contents  of  the* 
stomach  is,  little  by  little,  exnelled  into  the  duodenum.  Ukimately 
(see  dl  15£i)  the  more  or  less  difHuetit  'chyntt,'  containing  bulli 
soluble  coDstLtueuts  which  had  escaped  absorption  in  the  stomach 
and  insoluble  constituents  not  yet  acted  upon,  is  forced  through  the 
pylortis.  Cooling  into  contact  with  the  bile  and  the  ptuicreatic  juice, 
peptic  digestion  comes  to  nn  end  and  digestion  by  trypsin  commences 
The  proteida  which  had  escaped  the  action  of  the  gastric  juice  now 
succumb  to  the  action  of  trypsio.  Tic  digi-stioii  of  t.he  stAToheA, 
which  had  bewi  arrwted  io  the  stomach,  rccommencss  onder  tb« 
influence  of  the  diasUtic  ferment  of  the  poncretu,  and  the  maltose 
thus  formed  has  to  be  resolved  into  simpler  aaccharine  molecules  by  a 
ferment-product  of  the  intestinal  wall ;  these  molecules  muat  yet,  in 
part.atill  further  be  resolved  under  the  influence  of  lactic  acid  pniducing 
micru-or^ninmB  which  they  encounter  The  fats,  under  the  influence 
of  the  bile  aided  by  the  pancreatic  juice,  ore  rapidly  eroulsilied.  As 
these  various  operatiuns  go  on,  the  contents  of  the  intestine  undergo 
a  great  and  rapid  diminution,  owing  to  the  abiiorptioQ  of  water,  holding 
the  diffusible  products  of  iligoalion  in  solution,  and  to  the  psnmnpi  of 
the  minutely-ftubdividud  fats  through  the  intestinal  walla. 

Tii«dMtn»-  As  the  acid  cbynM  p«iietniM  iDto  the  duodooum 
uoa  or  p«p>tB.  j^  undergoes  at  once  a  change  of  reaction  due  to  ad* 
mixture  with  the  ponereatic  juice,  the  bile  and  the  intestiDsl  juice. 
Its  reaotioD  becomes  alkaline  or  at  least  ceases  to  be  distinctly  acid. 
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Tbu  neutralisation  of  free  acid^i  would  of  itwetf  bring  peptic  digastioo 
to  a  Htandstill,  cvco  in  the  sbeeDCo  of  other  fitftoni. 

We  have  already  poiuted  out  (me  page  3o2>  that  one  prmci| 
result  of  the  admixture  of  the  acid  chyme  with  the  bile  is  the  pr 
cipitation  nf  the  pepsiD  of  the  gastric  juice,  the  digestive  nrttvitv  of 
wbicb  is  ipso  /ado  aootisbed  (Fappenheim,  Briicke).  It  appears  that, 
once  rendered  inactive  by  admixture  vrith  bile.  pepiUD  cannot  regain 
ita  activity.  The  fact  that  digeetiou  may  in  the  stomach  go  on  in  thdj 
presence  of  some  bile  is  in  do  senae  in  contradiction  with  the  ntate- 
ment  as  to  what  mu>it  take  plftoe  m  the  inteetine.  In  the  stomach 
coutiuual  xecrKtioa  uf  pepam  can  occur,  to  replace  that  which  bs 
been  rendered  inactiTe,  e.ff.  by  the  bile  which  may  have  penetrated 
into  the  stomach. 

But,  in  addition  to  its  more  or  less  complete  precipitation  b^  the 
bile,  the  pepsin  which  has  entered  the  duodenum  finds  itaelf'^imb- 
jected  to  truj  action  of  the  Na-CO,  of  the  pancreatic  juice.  As 
Kiihne'  firet  poitit<ed  oui.  and  as  Lajigley'  9iibfie<|ueotly  confirmed, 
pepsin  i«  rtostroycd  by  digestion  with  weak  alkaline  solutions.  The 
tatter  observer  shewed  that  solutions  of  sodium  carbonate,  at  the 
temiwrsture  of  the  mammaliau  body,  exerted  a  powerfully  destruc-^ 
tive  ioBucnce  on  pepsin. 

It  is  imposftible  to  estimate  exactly  the  relative  part  played  by 
the  bile  on  the  ono  lianH,  anil  the  sotlium  carbonate  on  the  other,  in 
putting  the  pepsin  hon  de  eomhtit,  bm  we  may  surmise  that  it  is 
upon  the  bile  that  the  burden  of  the  work  chiefly  falls.  Whilst  the 
action  which  it  exerts  on  the  mixture  nf  pep-iin,  albumoses  and  free 
acid  is  a  wcll-nigh  iuHtauUineous  one,  that  of  the  sodium  carbonato, 
is  a  gradual  one,  time  being  ono  of  the  important  elements  influendi 
the  result. 

The  paramount  importance  of  this  destruction  of  pepsin  is  apparenbj 
when  we  reflect  thiit  pepsin,  iu  the  pro&cncc  of  (risi  acidd,  exerts 
rapid  dtifitnictiv«  iiittueuce  on  trypsin. 

Corxisart*  had  stated  tliat  uspsin  and  trypsin  exert  a  ninbaally  dc 
•tractive  iufluence  on  une  atiotlipr.  Etihoe,  whilst  voiphasising  strongly] 
the  power  of  pepuu  in  acid  aulation  to  destroy  trypeiu,  8pok«  of  iuu 
indestructibility  of  |wp8iu  by  pancreatic  iligesttaii*.     Langlej',  howevefv] 

'  W.  £iiluie.  'Uebct  do*  VDrlialWu  vencbwdcDcr  urtmntsiiWr  und  *0|c.  Tiii«;eformt 
Fcratento.'     yep*n»t.Ahdniek  an*  duo  Verltamllunffen   dtt  lleidflberf.  tidrwrAiX.  n^] 
Vtrrhu.     Bitxunjt  ntu  4,  Feb.  Ifi76, 

)  J.  y.  LhukImj,  '  On  tliH  Dijstruction  of  FurmonU  iii  tbc  AUineQtu;  Oaaal,*  Jo 
of  Phsaiofouv.  Vol.  ill.  C1K«0 — B2).  pp.  24ft— 2tMt. 

'  L.  CorriAU't, '  RfaJe  c'p«t  uno  cli«*e  r4<ii)nr[iiia.h1e  quo  ni  1«b  dvui  fcriaontt  dige 
M  nncODtreitt  k  IVlat  pur,  Ivti  deux  dieetlions  oepwut  dc  B'oKctccr  bUMi  librananti 
loiD  qas  U  prodoil  diufirs  eoit  double  pu  cattv  rtiinion,  nu  continin;  il  pcut  rw  tMairsI 
k  ri*n,  Mr  duns  oultu  oirconMnnoo  non  |ihy)iii>logii]D«,  ia  pcpainc  ct  la  panor(kttc 
■'flntro-d^lrniMDt '    Sur  une  /oiuMon  y*»  conitw  Ati  Vanerf-a*  ttt.      Pari*,   Vie 
Muw>n.  1M>7— M.    Uee  p.  116. 

•  W.  Kahae, '  Die  UuzersUirbarkelC  dw  Pepiina  bei  der  pankreKtiecheo  Verdauang,^ 
op.  eit.,  p.  S. 

*  J.  N.  Lun^lcy,  op.  cit. 


CH.  XI.]      HOW  FAR  DOES  DECOMPOStTIOJT  OF  PROTEIDS  PROCREnt       44$ 

found  tbnt  pepsin  was  more  npidly  deatroyed  by  a  solution  or  sodium 
carbonate  oontAiniitg  trjrpsm  thun  in  out?  free  from  it,  mid  dincovurcd  Lhnt 
pejHiino^D  kino  Appeared  to  bo  di'atroj'ed  in  thi*  tHiini;  mniuier. 

Were  it  not  for  the  arrest  of  popttc  prDteol>-sis,  the  intestinal 
digestion  by  the  paocreadc  trypsin  wouUi  be  impossible.  With  the 
admixture,  then,  of  the  acid  obyme  «*itli  the  DJle  and  with  the 
pancreatic  juice,  the  first  act  in  the  great  process  of  digeatiou  maj  be 
said  to  come  to  an  end. 

We  have  devoted  so  much  space  to  a  consideration  of  the  action 
exerted  both  by  the  bile  and  the  pancreatic  juice  no  the  varioiig 
groups  of  foud  cuDstitucuts  that  it  is  only  necessary  io  tim  place  to 
emphasize  certain  facts  as  of  special  importance,  and  to  suppIemoDt 
lliem  by  rcfcrrinff  to  others  which  have  inadvertently  been  omitted. 

Digestiuu  by  trypsin  aa  it  proceuds  in  the  intesiine  resiembleB 
an  aseptic  pancreatic  digestion  m  conducteit  in  vitro,  with  tht:  aid 
of  such  agents  as  thymol  and  salicylic  acid,  rallmr  than  ouv  ix^cur- 
ring  in  the  presence  of  putrefactive  bacteria.  We  have  eeen  that  the 
contents  of  the  small  intestine  are  destitute  of  putrelactive  odour, 
that  they  are  normally  destitute  of  the  mtcro-organisnis  which  lead 
to  the  production  of  indol,  skatol,  skatol-carboaic  acid  and  phenols,  &c 
The  iutcrcsling  question  remains,  however,  bow  far.  in  the  physto- 
lugical  cundiliuu,  does  the  decomposition  of  the  atbumiuuus  molecule 
proct3i;d  under  the  influence  of  trypsin  ?  We  have  tsuen  that,  in  vitro, 
the  albuminous  bodies  rapidly  split  up  into  albumoses  and  peptones, 
and  that  the  latter  even  in  toe  absence  of  all  organisms,  undergo,  in 
part,  ready  decomposition,  yielding  as  principal  products  amido-acids, 
lysiDeaDd  lytatinine  and  tryptophan.  It  appeared  probable  enough 
that  in  the  conditions  existing  in  the  alimenury  canal  the  decompo- 
sition might  not  proceed  so  far — that  hemipeptones  and  antipeptoncB 
ouoe  formed,  might,  either  as  such  or  as  regenerated  albumms.  pass 
through  the  intestinal  wall,  without  undergoing  further  degradation. 
Tlie  experiments  of  Sheridan  Lea  hare  fibcwn  that  even  iu  the  normal 
living  alimentary  canal  of  the  dog,  a  fraction  of  the  peptones,  and 
not  altogether  an  inKigiiiBcant  one,  undergouK  the  decumpontion 
which  leads  to  the  settug  free  of  the  amino-acids'.  On  the  other 
hand.  Macfodyen,  Nencki  and  Sieber  (iiiled  U>  find  leucine  and 
tyrosine  in  the  contents  of  the  ileum  and  exphiiued  the  fact  on  the 
hypothesis  that  the  lactic  acid,  which  is  generated  through  the 
instrumentality  of  the  micro-organisms,  modifies  the  activitv  of 
trypnin-digcHtiuu  eufiicieutly  to  prevent  so  profound  u  decomposition 
of  the  albuminous  molecule  as  is  implied  by  the  appearance  of  the 
amido-ocidit. 

In  so  far  as  the  action  of  tlic  diastatic  enzyme  of  the  pancreas  it 
concerned,  wc  may  now,  with  coufidcnoo,  assort  that  it  rceulta  in  tho 
formation  of  maltose,  and  that  it  is  nut  capable  of  breaking  down  tbig 

>  SherUaa  Lm,  *A  Cotupsntiro  Siiul;  ot  AriiOeiBl  uid  !tftioial  DlgcMkn,'  Jourm. 
0/  PhptMon,  ^«L  <■•  118S0),  p.  it?  It  M«. 
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rendeivd  inactive  when  passing  from  the  ileum  into  the  colon. 
Seciug  that  the  contents  of  tlic  small  ioCcsiiGc  poascsit  iiorraaU}-  uu 
acid  reaction,  wkicb  (presumedly)  increases  from  above  downwards, 
it  may  be  assumed  (.hat  Ibc  puocrtMktic  enzymes  are  destroyed 
before  the  ilio-csBcsl  valve  is  readied.  Tbe  obficrvationa  wbicb  faave 
been  made  on  the  fluid  obtained  from  tisLulie  of  tbe  ileum  in  the 
vicinity  of  the  cfficum  leave  uo  room  for  doubt  on  ihia  question. 

It  is  the  intention  of  the  Author  to  defer  the  de- 
tailed consideration  of  all  the  que^tiuns  connected  with 
the  ubsorptioD  of  the  pruducts  of  digestion,  and  he  will,  therefore, 
confiuc  himself  io  this  place  to  tho  most  nidimectaiy  fnci«. 

It  is  in  the  small  iutestine  that  absorption  of  the  dissolved  organic 
soHcIk  of  the  food  chiefly  occurs.  Tbe  large  surface  of  the  mucous 
membmno  of  thia  part  of  the  alimeutary  canal,  with  it»  iuuumcmbto 
villi,  offers  an  abaorbing  surface  of  lar^^-'  extent,  pervaded  by  meah- 
workn  of  capillartL-tf  and  by  the  commciiccmeul  of  thv  lymphatics,  the 
■to-called  '  lact^-'ala.'  In  conwderiug  tbe  extent  of  thia  surface  tlie 
■  valvulffi  conniventea'  must  not  be  forgotten.  Iliese  ao-calle^l  valvea 
nre  creftcentic  folds  of  the  mucous  membrane,  which  is  doubttew 
ttfTaafed  in  thia  manner  so  as  to  oCTord,  in  a  gireu  area,  a  larger  esteot 
of  absorbing  surface  than  would  othern-ise  be  possible. 

Tbe  obaorptiiun  of  materials  from  the  alimeutary  canal  Utkm  place 
by  their  passage  into  the  blood  capillaries  and,  iu  part,  by  their  possago 
into  the  lymphaticjt  uf  the  muceiLft  membrane  (lacteals).  Water,  in- 
oi;ganic  salts,  suj^re,  fatty  acids  and  their  iiaibi,  albumuties,  peptones 
waA  the  products  of  their  decompoeitiou,  and  emulsiooized  falH  are  the 
fHincipal  nubfltances  present  in  the  inteittine.  The  paths  of  absotp- 
tioo  followed  by  these  variouB  substances  are  not  tbe  same.  NXniUet 
the  fat  makes  itM  way  into  the  lacteals,  the  other  constituents, 
tnort  or  Usi  cUtinfjed  in  th^ir  paMaye,  find  their  way  into  the  capil- 
laries and  thence  directly  into  the  blood.  Even  in  this  strictly 
rudimontAry  reference  to  intestinal  absorption,  it  18  uccessaiy  to 
menlioD  that  although  olbuDiosea  and  peptones  abound  Iu  tbe  cun- 
tents  of  the  intcstiuu,  these  bodies  can  neither  be  detectod  in  the 
lymph  uor  in  tbe  blood.  Hither  a  rcoonvunion  uf  albumows  and 
peptODtea  occurs  within  tbe  alimcntAry  canal  itself  (as  Kronecker  and 
Lis  Hchool  have  amtcnded),  or  the  rt^cuuversion  lakes  place  as  tbe 
(tlbumoses  and  uoptonoa  are  brought  in  contact  with  the  epithelial 
layer  covering  tbe  villi,  or  ore  subjected  to  tbe  action  of  tbe  leuco- 
cytes of  the  adenoid  tissuei  Theae  vorioua  views  will  be  exaauDod 
and  discussed  in  the  next  volume. 


CHAPTER  XII. 

THE  LARUE  IXTESTIJJE  AND  THE  PROCESSES  WHICH 
HAVE  THEIR  SEAT  IN  IT.  THE  F.^CES  IN  HEALTH 
AiND  DISEASE.  THE  INTESTINAL  OASES.  INTES- 
TINAL CONCRETIONS. 


Sect.    1.       PrELIMINAKV    OBSERVAnoNS    OS     TITE     ARRA!:OBME^T 
AND  STUUCTCRE  OF  THE  LaROB  INTESTINE. 

As  we  trace  the  small  inteptine  from  its  commencemeDt  at  the 
pyloric  end  nf  the  stnmach  we  find  that  this  Irnig  tube,  which  in  man 
poeaewes  an  average  lenjfth  of  20  feet, gradually  diminlsheR  iu  calibre 
OS  we  pass  from  duodenum  to  JejuDum  and  from  jejunum  to  ilettm. 
At  the  lower  end  of  the  latter  the  sraftll  opens  suddenly  into  the. 
much  wider,  Inr^e  intestine  or  'colon:'  though  not  at  the  very  com* 
mencement  of  this,  which  is  a  cul-de-sac  fthe  caput  etBcum  coii  or 
CffiCiim),  but  at  a  point  a  little  removed  from  this.  The  margins  of 
the  aperture  by  which  thesniaU  intestine  opens  into  thfi  large,  project 
into  the  latter  in  such  a.  maJiner  that,  while  they  readily  permit  the 
paissagc  of  matters  from  small  into  large  intestine,  any  backward 
movement  of  the  contents  of  the  large  intestine  would  have  the 
effect  of  compressing  the  tips  of  the  opening  and  closing  it;  thia 
arrangement  conatitutiis  tho  ilio-accfii  or  ilio-colic  valve.  Connected 
with  the  oj^put  cokuhi  cult  is  (in  man  and  raonkoye)  a  sioaU  diver- 
ticulum, like  a  nam)w  glove- lingcT,  callud  the  vermiform  itjipendtx. 
The  Brst  and  greater  part  of  the  large  intestine  is  kuowu  as  the 
wlon,  the  last  as  the  rectam.  The  colon  is  subdivided  into  ascending 
colon,  trcunsverse  colon,  and  deacendtwj  colon,  the  bend  made  by  the 
transveise  ia  passing  into  the  desccodiug  colon,  receiving  Uie  name 
of  the  sifpiioid  fie^^ure.     The  total  length  is  from  five  to  six  feot 

The  arraagemoiita  of  the  coata  of  the  large  intestine  are  mniilar 
to  those  of  the  small,  though  modiBcatious  in  each  of  the  couatitucni 
ccat:s  are  obvious. 

The  mucous  membrane  is  characterised  by  the  abaence  of  villL 
It  presents  innumerable  glanda  built  on  the  type  of  the  glands  of 
Lieberk  tlbn  of  the  small  intestine,  but  very  much  larger  and  C)ip«K:ially 
much  longer  than  these  and  possessing  a  wider  liwwi.    Their  cpi- 
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theliuin  cells  preseut,  in  a  very  chantctertstic  naaoner,  large  Duinbera 

of '  Boblot-celis.' 

I'be  musctilar  coat  exbiblU  a  puculi&rity  in  the  arrajiceraent  of  tts 
buDclles  of  Bbres,  eapeciaJlj  of  those  of  its  longitadiaaF  coat.  whicL 
are  'gatliered  up  into  three  tbickeoed  bands  or  bundleii',  being  very 
thin  elsewhere.  These  bands,  moreover,  are  shorter  than  what  may 
be  called  the  natural  length  of  the  intestine,  so  that  the  lube  iusteau 
of  being,  as  in  the  small  intestine,  of  fairly  uniform  bore,  is  puckered 
up  into  saccuU  mure  or  leas  dividcHl  by  the  three  bunds  into  groups  of 
three.  This  sacculated  ftrrnugemGiil  answers  much  the  same  purpose 
as  the  arrangunient  of  vhIyuLl-  coiinivcntcs  iu  thu  nmail  iutcMtiiic 
The  circular  iBus<?ula.r  Iiiy«r  is  Ihicker  in  the  middle  or  bellies  of  the 
aacculi  than  at  the  puckera,  where  it  is  very  thin. ..As  the  Higmoiil 
Bexure  paseea  into  the  rectum,  the  three  bands  of  the  longitudinal 
muscular  layer  spread  out  and  become  once  more  a  uniform  layer; 
and  with  this  change  thit  aoccutntion  disanpeam.  This  longitudinal 
coat  is  continued  to  the  auus,  where  It  enas  abruptly.  The  circular 
coat  at  its  termination  at  the  anus  is  developed  into  a  distinct  ring, 
the  iuterual  sphiucti-r...Duwti  to  the  niarj^iu  of  the  onus  the  mucous 
iQcnibrane  retains  the  cliamccers  of  the  largo  intestine,  glands  being 
still  present;  it  then  abruptly  puts  en  the  cpibhustic  characters  of 
the  epidermis*.' 


Sect.  2.    The  characters  of  tue  iKTE-^n-raAi,  Contents  as  thet 

PASM  FRUM  THE  ILKUH  INTO  THE  LaKOE  LfrEOTINE. 

As  the  contents  of  the  ileum  pass  into  the  colon  they  are  more  or 
less  diffluent,  posseini  a  yelloYntiti  colour,  and  are  almont  or  quite 
devoid  of  odour.  From  the  admirably  studied,  and  almost  unique 
case  of  Macfadyen.  Nencki  and  Sieber",  in  which  a  li.<ttula  of  the 
ileum  existed  at  ita  very  Junction  with  the  colon,  it  would  appear 
that  the  contents  of  the  small  intestine  are  continually  passing  into 
the  large,  though  the  flow  is  less  during  the  night,  apparently  tn 
conscijuoaoe  of  the  absteuuon  from  food.  Macbuyeu,  jNeucki  and 
Sieber  determined  how  long  ingested  bodies  occupied  in  rcneliin}'  the 
caecum,  and  Ihcy  fuund  the  time  to  varr  within  widu  liuiila.  Whuu 
tbeii-  patient  ate  green  peas,  the  timt  uf  uieae  appeared  at  the  6stuloua 
aperture,  in  one  case  S^i  and  in  another  5^  hours  afterwards.  In  the 
fint  case,  the  last  of  the  green  peas  were  discharged  14  hours,  in  the 
second  ca»e  23  hours,  after  Ihcy  had  been  swallowctl.  The  rate  with 
vrhlch  the  intestinal  cotit.ent.-i  travel  towards,  and  the  time  occupied 
in  reaching,  the  ilio-ctecal  valve  depend  upon  the  consistence  of  the 
iutestioal  contents  and  upon  the  intensity  of  the  intestinal  move- 
men  ta. 

>  M.  FoMor,  A  Tttt-lioet  of  PfiMtialon.  ACb  td.    Put  11.  uomprMiiiit  Book  n.  vp. 
4S0>i><U.'.l,    MsomOlMi.  laas. 

>  MMfulrca,  KoDcki  aad  Slaber.  ■  C«lMt  dia  ekMnbdwo  Vorftiuf  in  mMiachlichuo 
frdanOanD,'  AreUvf.  Mp.  PatK  v.  Pharm.,  Vol.  ima  {lStl\.  p.  Hi  rt  lOf. 
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WheQ  fed  upon  A  diet  composed  of  bread,  tnMt, 
Eemmericii's  '  peptone,'  sugar,  milk,  beef-tea  &Dd  egg», 
the  IntcstiDal  contents  exhibited  (uiider  the  micnwcope) 
mauy  biie-staiued,  gtriped,  muscular  fibres:  masses  of 
"dctritug":  pigmeat  granulee:  amorphous  flakes  of 
albuiiiiu.  Diuaii  aud  btlo  acids:  rentable  tibrcx:  and 
Dumerous  bacteria.  When  the  patient  was  fed  iipoD  a  diet  composed 
mainly  of  pea.%-porridge  and  cotitaining  therefore  a  lar^ge  i|UBiility  a{ 
starch,  oa  microscopic  examination,  iha  gTanule»  of  the  Latter  body 
preponderated  ;  iodine  stained  them,  however,  of  a  red  colour. 

The   reaction   of  the  intestiQal  contents,  as  tbey 
leave  the  ileum  to  enter  the  caecum,  is  «cid,  the  acidity 
being  on  an  average  equal  to  that  of  a  solution  of 
acetic  acid  contaioiDg  1  part  in  1000,  and  depending 
upon  the  presence  of  organic  acide,  aroongat  which 
preponderates  the  inactive  lactic  acid  of  fennentation. 
The  fluid  part  of  the  intcMtinal  contents,  filtered  from  solid  matters, 
cuntaintt  the  fullowing  constituents: — Alhumin  coagulable  by  heat, 
mucin,  peptou<}6,  (and  albumuses  ?),  the  products  of  tranaformation  of 
starch,  inactive  lactic  acid  of  fermenUilioD,  as  well  as  the  optically 
active  pamlactic  acid,  small  quanCitieB  of  voIjLtite  fatty  acids  (prin- 
cipally    acetic  acid),  bile  acids  aud  bilinibin  (not  hj^irobitiruhiti  !). 
When  exposed   to  the  air,  the  intestinal  contenu  assume  a  green 
colour  in  consequeuco  of  the  convcrsiou  of  bilirubin  into  biliverdiu. 
When  the  activity  of  the  filtrate  is  aeusibly  greater  than  correspondB 
to  1  per  1000  of  acetic  acid — say  1'5  to  2^)  pt-r  1000 — the  addition 
of  acetic  acid  occaaiona  no  precipitate  :  at  niuiit  a  faint  turbidity.     If 
the  quantity  of  acid  be  small,  acetic  acid  throws  down  mucin  in  a 
floceuleni,  condition.     In  consequence  of  its  containing  free  acid,  the 
albumin  in  the  filtrate  of  ihu  inu-^tinal  coutuuts  coagulates  ou  mere 
boiling.     When,  however,  the  acidity  is  great,  the  filtrat'e  must  be 
partly  neutralieed  burore  the  albumin  cau  bv  thrown  down  on  boiling. 

Macfodyen,  Nencki  and  Sicber  found  that  when 
their  patient  waii  fed  upon  a  mixed  diet  aud  the 
intestinal  contents  were  thin,  they  contained  about  5  per 
cent,  of  total  Kolida ;  when  the  contents  were  more  con- 
a>ntrHted  they  i-outained,  on  an  average,  10  per  cent,  of 
toUl  solids.  Some  idea  of  the  total  quantity  of  the 
contents  passing  from  the  ileum  in  24  huurs  may  be  formed  by  the 
results  of  two  observations.  The  total  quantity  being  SoO  grma.,  the 
residue  weighed  4'9  per  cent.;  the  total  solids  leaving  Ui«  ileam 
being  therefore  26'95  grma  On  another  occsaion,  23S  gnna.  vere 
collected,  containing  11.23  per  cent-  of  residue,  the  total  soUd  matters 
amounting,  therefore,  to  26'05gnua 

When  we  now  inquire  in  what  proportions  the  various  groups  of 
alimentary'  constituents  are  present  in  the  mattcra  which  pass  into 
the  colon,  we  find  that  coagulable  albumin  amounts  to  Iosb  tliao 
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1  per  cent     The  sugar  oxbibits  much  greater  variatioos  than  the 
albuiuiD.  varying  between  O'S  and  4'75per  cent. 

Mucfadyeu,  Nencki  and  Sic-ber  estimate  that  from  30 — 42  per 
cent  of  the  Bolid  matters  of  the  inteetlaal  oootcnts  entering  tbu  colon 
arc  composed  of  albuminous  matton  (iacliidtug  native  albumins, 
iUbumoaeB  and  pcptuuca,  insoluble  albuminous  and  albuminoiJ 
matters],  about  8'o  per  cent,  of  fets,  about  45  per  cent,  of  carbo> 
lijdrntca  and  of  substances  soluble  in  alcohol,  and  about  8'5  per  cent, 
of  mineral  matterM.  They  found  no  itidol  and  neither  leucine  nor 
tyroenne  in  the  intestinal  contents  -which  bad  passed  through  the 
whole  length  of  the  fimall  intestines. 

The  facts  which  we  have  passed  under  review  bring  very  clearly 
before  us  that  08  the  intentinal  contcnti)  pass  from  the  ileum  into  the 
colon,  they  yet  contain  oonsiclerable  quantitiea  of  alimentaiT  con- 
stituontA  which  are  not  otUy  capable  of  absorption  but  wbich,  as 
analy»eti  of  the  fseceK  t«ach  us,  are  actually  absorbed  in  the  colon. 

Although,  aa  we  have  seen,  processes  of  fermentation  are  ripe  in 
the  small  intestine,  they  arc  almost  entirely  confined  to  the  carbo- 
hydrates, and  scarcely  affect  the  albuminous  substances.  The  ucida, 
e9{wcialty  lactic  acid,  developed  by  the  action  of  the  various  micro- 
(Kganisma  uu  the  aiigfirs  are  unfavourubli:  to  the  action  of  putrefactive 
bacteria  on  the  proteids — an  action  which  is  eaeeatial  to  the  changes 
which  shall  convert  the  uuabeurbcd  intestin^  residue  into  ths/tvces. 


Sect.  3.    Tqe  final  DioeemvE  PitocEsaee  ix  the  Laroe  Iv- 
TESTiNK.    Its  rowERs  OF  ABsonmoN.    The  Piiocesse.s  wuich 

CONTERT  THE  COXTEKT8  OP  THE  Coi-ON    tSTO    F.«CES. 

Th»»ec«tiott  We  have  seen  that  the  intestinal  juice  poured  out 

of  uabwKiiiws    by  the  glands  of  the  small  intestine  ia  characterised  bv 
fUniuiBiii*  highly  alltnline   reaction,  which  depondd  upon  the 

presence  of  sodium  carbonate,  and  by  the  preaenoe  in  it 
of  enxymes  capable  of  acting  only  oa  certain  of  the  carbnliydratM 
(sugars).  In  spite,  however,  of  this  nlkaline  reaction  uf  the  juice 
poured  out  in  the  nmull  int4»tinc,  the  contents  poMeas  a  marked 
acid  reaction,  due  to  the  products  of  fermentation  engendered  by  the 
action  of  micro-organisms  on  the  sugars. 

The  mucous  membrane  of  the  colon  paa8ewH.-s.  according  to 
Nencki,  Mocfodyen  and  Sieber,  a  more  powcmillly  alkaliuL'  reaction 
than  that  of  (he  nmall  intestine.  Presumably  its  secretion  oonstabs  of 
a  mucin-containing  liquid  rich  in  sodium  carbonate.  All  evidence, 
aa  wc  shall  point  out,  Mems  to  shew  conclusively  that  it  containa  no 
enzymes. 

The  pnxwsses  of  the  large  intestine  which  are  of  importance  in 
so  far  OS  the  nutrition  of  the  organism  is  conocmcd,  arc  chiefly 
processes  of  absorption ;  though,  perhaps  to  a  less  extent  than  in  the 
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small  intestine,  processes  of  fcrmuntatiou  mar  help  to  render  Boluble 
sonif  fractioim  of  the  food  coiiKtitut-nU  wbicn  bau  rumained  iinncted 
upon. 

Not  only  do«H  the  large  iotestioe  pogsess  the  power  of  absorbing 
the  fioKtble  tilbiimins,  the  peptoiius.  the  sugars,  OJid  a  gmal  part  of 
the  water  present  in  the  iDtestiiml  coDtonU  which  pass  through  the 
ilio-colic  valve,  but  (as  finst  deinonfitrattid  by  the  experience  of 
medical  men)  it  poasesges  evoD  Id  its  luwesl  purl,  the  rectum,  powers 
of  uhsorptioD  which  enable  life  tcj  be  supported  for  long  periods  of 
time  hv  rectal  iujectiuDs  (uutrieut  enemata),  when  no  fowl  can  ent«r 
the  syfitem  bj  the  ustiu)  channels. 

Id  1869,  ID  a  research  conducted  under  Voit's 
direction,  Bauer'  shewed  that  if  dogs  are  kepi  without 
food  for  fiome  days,  and  when  the  daily  excretion  of 
urea  has  heconie  constant,  rectal  injections  of  albuiniaous  substances 
are  made,  the  amount  of  urea  excreted  iocreasos  at  oucu,  proving 
that  tie  albumin  has  acluallj  entered  the  economy.  Having,  in  a 
similar  manner,  injected  solutions  of  so-callod  poptonos  (doubtleas 
compowd  almost  eutliely  uf  albunioae^f),  Bauer  found  that  these 
were  most  readily  absorbed;  an  increase  of  urea,  amounting'  to 
eight  grammes,  occurring.  This  quantity  of  urea  representecT  the 
absorption  «f  21  grainmca  of  drj*  albumin  or  100  grammes  of  fresh 
meat.  Curioualy,  Bauer  found  that  a  solution  of  white  of  ega  was 
Dot  absorbed,  unless  mixed  with  sodiam  chloride.  On  the  other  Land, 
a  solution  uf  syntoaiu  was  absorbed  ua  readily,  or  nearly  so,  as  one  of 
peptones. 

In  1871  Profeaaor  Eiehhorat  of  Zilrich*.  then  a 
studeut  of  medicine  in  KontgHbcrg,  published  (be 
results  of  a  reuearch,  cunducled  under  the  direclioa  of 
Professor  von  Witbich,  which  established,  Istly,  that  the  mucous 
membrane  of  the  large  intestine  formed  ueicher  a  dia^itatic  nor  t 
proteolytic  femient :  Sndly,  that  the  large  tutOHtine  possesacs  the 
power  of  absorbing  Meissner's  a^,  b-,  and  c-  peptones  (i.e.  aJbumoses 
and  puptDues),  Liebig'a  extract  of  beef,  the  albuminous  bodies  of 
milk,  dissolved  myosin,  dissolved  alkati-albuminate,  egg  albumin 
uiixcd  with  common  salt,  and  solution  uf  gelatin:  Srdly.  that  it  a 
unable  to  absorb  pure  white  of  egg.  syntomu  solutions,  the  albumin 
of  blood  serum  as  well  as  undissolved  fibrin,  syntonio  and  myo«iu. 

The  researches  of  Bauer  and  of  Eichhorst  received  confirmation 
and  vEduable  practical  nppttcatioQ  at  the  hands  of  Leuba*  as  well  as  of 

>  J.  Bauer, '  Dfiber  d.  Aufmug.  im  Diok-  uod  Diinndum.'  ZriUchr.  /.  Btotoai't  VoL 

*  Ueruiann  BioLhoret,  Cond.  Uod.  ku»  KOoi^Verg,  'V«b«i  dio  IWaorptloa  im 
AlboiuiiisU)  uii  Dicbilaiiu '  (Von  det  mod.  Fit.kullai  der  AlbeTtiu-Uiiiv«tMUit  M 
KfloiRsbergmit  di-m  PrEiBB(?ekr,->nt),  Pfliiper'E  Arrhir,  Xa\.  iv,  (ISTl),  pp.  570 — COS. 

'  W.  O.  Leulw,  "L'etwr  die  Erunlining  Aei  Kranketi  rom  MnstiUm  aoa,*  thkUfk, 
AnhivJ.  kHn.  Utiiuin.  Vol.  i.  (Isri),  pp.  I— M. 
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Czeruy  and  tiatccheDbcrger*.  The  Utter  obserrers  from  observations 
made  on  a  case  in  whicn  a  pneternatural  anus  existed  in  the  left 
inguinal  region,  conimuuirating  with  the  sigmoid  flexure,  came  to  the 
ooDcluHiui)  thot  frolublu  ftlbuuiiu  undergoes  u<j  chaueu  when  brought 
iu  couuict  with  the  human  large  iutestiiie.  but  is  absorbed  as  gucb. 
Ever;  circu[n»taQct  which  leads  to  an  irritatiou  of  the  gut  hinders 
nhsorptioii.  Their  ex[M!rimeiits  led  them  however  to  formau  eMtinmt« 
that  the  whole  large  intestine  could  only  absorb  6  grammes  of 
albumin  in  the  upace  of  24  houra — a  quantity  (^uile  insufficient  to 
&upp«)rt  the  life  of  man.  It  seems  obvious  that  the  discrepancy 
between  iheite  reHults  and  those  of  other  observers  is  to  be  explained 
by  the  fact  that  the  conditions  of  the  case  studied  by  Caemr  and 
lAt9cbenberger  permitted  only  the  rectum  to  be  filled  with  liquid, 
and  thnt  in  all  probabihty  absorption  goes  on  much  more  rapidly  in 
the  part«  of  the  colon  situated  higher  up. 

Iu  II  research  of  great  interctit  which  ho  jierformed  with  the  aid 
of  a  patient  with  a  preternatural  auus  eommuriit^tin^  with  the 
OBcum.  Marckwald.  btaides  shewing  that  the  secretion  nf  the  colon 
possessen  neither  diastntic  nor  proteolytic  power,  determined  that  the 
whole  large  intestine  is  only  capable  of  absorbing  about  250  grammes 
of  water  in  the  course  of  12  hours.  Ctiriougly,  in  the  case  obeervetl 
by  bim,  solution  of  albumin  did  not  appear  to  be  absorbed,  and 
peptones  gave  rise  to  great  irritation*.  If  we  consider  the  non- 
nbfforplion  of  albumin  and  peptones  obMrvod  by  Mackwald  by  the 
aid  of  the  infonnation  supplied  by  previous  obaervers,  to  wit,  that  all 
irritation  of  the  large  iDtestine  aeeme  to  arrest  the  absorption  of 
diwtolvcd  albuminous  bodies  (not  apparently  the  absorption  of  NaCI), 
we  »hall  arrive  at  the  conclusion  that  bis  anomalous  results  were 
probably  due  to  a  morbid  condition  of  the  large  intestine,  existing  in 
biscase. 


Sect.   4.     TnE   Micno-oROAXi^iMS   op   the   Cotov    anti   tbeir 

PHODUCTW.       TUK    CuSVKHSIOS     OP    TUB    OOHTBirTS    OF    TUE 
COI^N    IXTO   F^CBS. 

When  the  intestinal  contents  reach  the  ilio-cwcal  valve  they 
ouDlaio  no  longer  either  popnin  or  trypsia  Wo  bav»  diKuned  the 
destruotioD  of  the  former,  and  with  refoniDoe  to  the  latter  we  c«a 
hare  no  doubt  that  it  is  gnulnally  tloalroycd  by  tho  organic  acid*  of 
the  small  intestine.  We  haTo  adduced  the  cuncordaut  te^Umony  of 
uveml  most  competent  ithsurvers  who  have  shown  that  ui>  enxymes 
are  formed  in  or  secreted  by  tlie  mucous  roumbnuie  of  ihe  large 

>  V.  Caanu-  ud  T.  Uuadbmhwgn,  'PhniokaiMlw  UntentulutagM  obar  Vw- 
daaang  and  BMorpiloD  iin  Diekdann  ilea  Mmwiwit,'  TkdXM'i  ArtUw,  VoL  ux. 
11S741.  py.  tU— iw. 

'  Jlaa  MaefcnaU.  'tT«l«t  VcidMiiuig  und  fiMurpitMi  Im  DUblanna  du  Mmuobn' 
(Aim  d.  pk7>.  ln*l.  Toa  Prvf.  KHIuM  Bu  Beid«lb«fv),  Vinhow'a  JroAtv,  Tfll.  uiT.  (16TS), 
pp.  S06—M9. 
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intestioe.  We  have  dow,  however,  to  consider  whether  micn>- 
orgaoisms  exist  is  the  hirge  intestine  which  possiblr  sobsenre  « 
useful  fuQctioD  br  completing  the  notation  of  the  Dttdissolred  alfao- 
minouB  and  carbohydrate  constituents  of  food  which  have  rensted  all 

previous  agencies. 

It  wa*  pointed  out  by  Marckwald,  in  the  researdi  to  vbich 
refcrcnco  has  already  he^n  made,  that,  although  no  proteolytic  enzyine 
exuts  in  the  colon,  aDtuniinou^  mnttere  iotrMlucea  into  it,  give  rise, 
uuder  the  induence  of  putr^ractive  procesees,  to  unall  quantities  of 
peptones  whicb  are  doubtless  absorbed. 

The    researches   of    BieuRtock*.    William    Bookl 

Macfadyen,  NeDcki  and  Sieber*,  of  Jakowski*  and  V 

Zumft  ,  liave   now  placed   ns   in  possession  nf  mut^ 

infomiatiot]  as  to  the  micro-organisms  of  the  colon  and 

particularly  leave  no  room  for  doubt  that  seveisl  exist 

which  exert  a  powerful  action  on  the  curbobydiutc  conatitueutA. 

Bienstock  isolated  four  micrOMirganisms  existing  in  human  Ueces. 
amongst  which  he  found  one  which  ne  considered  to  be  spociaJly  con- 
oemed  in  the  decompoeition  of  albumiuuug  Bubstano^,  BadUiu  putri- 
/ietu  coli.  Booker  in  general  confiDcd  his  obecr\*ations  to  tho  6Dces 
of  Murkling  children  and  found  thum  to  contain  nearly  pure  cultures 
of  Bacterium  ccli  t^rnmuns.  He  fouod  this  organism  to  increase 
when  diarrhcea  supervened,  in  proportion  to  the  severity  of  the 
disease  He  also  observed  an  organism  resembling  the  Bad.  lactU 
aerogmu. 

Macfadyen,  Neuckl  and  Sieber  im1att>d  three  or^nisms  from  Cbe 
cuiitCDta  of  the  colon,  viz.  (I)  the  t^treptQcoocus  ligue/acieHJi  iUi,  cluaely 
allied  to  the  SireptocaccLS  coli  tfracilis  of  other  authors:  (2)  the 
Uacierimn  Bwhleri,  doubtless  one  of  the  forms  of  the  Sa^erium  oofi 
amtmtiTie :  (3)  Bacterium  lactis  nSrogeties.  All '  bouillon  '  aud  gelatiu 
cultures  mode  with  the  contents  of  the  large  intestine  po«84^9ed  a 
repulsive  odour  of  putrefaction  and  the  majority  of  the  colonies  oh- 
tamed  with  plate  cultures  consisted  of  ft  noD-flucrcscing  putrofacttTC 
hacillus.  Jakowski.  la  a  recent  research,  oouducitd  m  Neucki's 
laboratory  at  St  Petcrsburgh,  isolated  the  following  organisms  from 
the  contents  of  the  colon: — Bacterium  lif/ne/acienji  coli:  Streptococ- 
cua  coti  gracilis:  BadUtts  putrijicuB  coli  <Bi4jiiatock). 

Amongst  the  urgunisma  just  mentioned,  the  Bacterium  coti  coai' 
raune  has  an  inteuse  actiou  ou  sugai-.    It  gives  rise,  accordiug  to  tbs 

>  Bi«&alocIt,  Xtiltrltrifl  f.  kUn.  M*d.,  tid.  tiii.  |(|not«d  by  U*efa4jMi,  KoaeU  utd 
bict^r.  op.  ('(■•  l>.  SSf'). 

»  WlUtmn  BooliPT  (cjuohd  by  Mnedulypn,  Nenclii  u)d  BiebuT). 

'  HoeraJjen.  Soncki  ami  Sirbpr,  op.  rit..  p  837. 

*  jKkav»ki,  '  ContriliutiniK  A  IVtuile  dc*  ptommub  chimiciae*  dtoi  In  fni«mim  d> 
Itiommu'  (Trnvail  do  Inbai-al.  do  M.  NeQCki).  ArcKiea  de»  Seitnca  BMofi^met,  St 
PiUrTtbnurg.     Toiue  1.  (ISM),  p.  fiB9. 

'  Zumft,  *K<  fwoVootw  3,  p.  446. 


CH&p.  xiL]     PUTiiErAcnve  i'rocessbs  in  the  colon. 


455 


obscrv&tions  of  Dr  Bischler',  to  a  most  energeUc  fcrrnentation,  tn 
wbieb  are  formed  etbylie  alcohol,  acetic  add,  aud  dexurogyroua  pera- 
lactic  acid'.  As  vraa  iitatcd  in  discussiiig  tbe  inicro-orgaDisin.<t  of  tho 
small  intestine,  the  Baeten'um  UkHs  airhfffnea  has  an  iuleiiRe  actioD 
OD  sugar,  deretoping  alcohol  and  aoootding  to  Frey  dextrogyroiia 
pnrntnrtic  acid.  When  grown  in  the  abiwnce  nf  air  it  decotnpcuMffi 
sugar  with  the  productiou  of  a  mixture  of  gaeee,  containing  72'3}t  vol. 
p.cof  CO^aod  27-61  ofH. 

It  ia  th«  StrMiococcus  liquefadena  eoti  and  the  other  putrefactire 
bacteria  to  whicn  reference  Kaa  been  made,  which  are  tbe  cause  of 
the  putrefactive  ferinentatioD  which  attacks  tlie  proteids.  That  this 
produces  small  quantities  of  peptones  and  otlier  soluble  nrodactB  of 
the  pntreractive  ileeumposition  of  albumin,  an  M^rcka'ald  shewed, aod 
that  theee  are  absorbed,  is  likely  enough,  but  the  part  which  ther  pla/ 
in  reference  to  the  uutritiou  of  the  body  mtMt  be  a  very  limited  one. 

The  action  of  these  organisms  is,  however,  able  to  ooorert  into 
fsccfl  the  residual  matter  left  alter  the  absorpCtou  of  a  large  part  of 
the  water  ami  of  the  soluble  oonstitaants  which  the  inteetiaal  content* 
pustieased  un  entering  the  culun.  Tbe  alkalinity  of  the  mucous  secre- 
tion of  the  oitloti  is  !*tich  as  more  than  to  oeuCraliw  tlic  organic  acids 
which  are  the  pruducta  uf  the  action  of  the  ixtctenum  comviune  coli, 
&c,  and  the  ulkaliiiL<  reactiou,  which  is  so  favourable  to  true  putre- 
faction, is  established. 

The  putrefactive  pruccits.  which  attacks  tbe  residue*  of  the  diges- 
tive process,  is  oue  in  which  tbe  nn>t«id  bodioH  aro  dc*compo»ied  with 
the  production  of  cbarnctcri-Htioilly  stinking  pr<>duct«.  nmongftt  which 
akatui  lit  the  chief  *.  Thenascuut  bvdrugeu,  which  is evotTedduriugita 
progrcflBk  acting  on  tlio  bilirubin,  which  had  retained  ita  individuality, 
now  converts  it  iuto  hydrubtlirubiu,  tbe  cliaracteriiilic  colouriug  matter 
of  the  foTLxo.  Yet,  evuu  when  the  putrefactive  changes  arc  ctimplete, 
the  tiiwus  have,  under  normal  circumstances,  to  sojuuru  a  while  id 
tlie  rectum,  where  the  absorptiou  of  water  ukd  perhape  even  of  other 
diffusible  substances  goes  on  untd  they  are  expelled  nxrni  the  l>ody. 

It  is  a  strange,  uud  a  somewhat  puzzling,  fact  that  tbe  bydra- 
btlirubin,  tbo  tndol,  bho  akatol,  the  phenols,  which  arc  the  rcnult  of  the 
putrefactive  process,  which  got»  on  in  prepouderattug  measure,  if  not 
exclusively,  in  the  large  intestine, HhouM  in  great  m ensure  be  abwrbod 
and,  after  entering  the  portal  btnod  ami  making  their  way  through  the 
liver,  be  excreted,  nomewbat  modiKed  or  in  new  combinattouH,  lo  the 
urine.     That  thaau  bodies  play  a  part  in  iofliWDcing  the  motaboHc 

■  Orl|teiJ  chmfcUoM  oonunonlcatcd  l»  Dr  BImWuIb.  Am  bli  'Canlribatlon  1  la 
Bioloeta  ua  liacUle  TjriibiqiM,'  Pnaaimi  Utnon,  p.  II- 

'  am  klM  A.  thvoiuk;.  ■  Kar  UiolOfU  in  i>ora»kii  UtIclikolbakltrMu,'  Zniteh.  1. 

fkf.  Ohtm..  Vol.  nil.  iifm),  p,  ass. 

*  Zaotl.  in  b  rtveal  mmmb  coodiMtml  ia  NoDcki'*  latrantoiT  kI  8t  I'vtanbuiKh, 
foond  114  utslol  ««fbouie  Mid  tn  Uw  «o«tMota  oC  tbe  mIoo.  b«*  ZitmlX  'Svi  In 
[ir««M«Hdc  paUtfAflion  (Un*  )e  proa  iatailiada  lliMitKU.'Ae.  ArtlH»r*  4t»  St. B(«i, 
SI  ftUTtliourf.     :taiDe  i.  iLSeXj,  p.  iSU. 
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processes  of  the  body,  scarcely  admits  of  a  doubt.  The  phenols,  the 
indol,  even  the  foetid  skatol,  which  result  from  the  life-work  of  the 
putrefactive  bacteria  of  the  iiLiestiiie.  Uliistnite  tho  general  law  ihut 
tho  products  of  living  organisuis  »rc  prcjutUcial  to,  and  c-apftble  of 
dc8tn»jriug.  organisms  ol'tlK;  kiud  which  produced  them:  for  all  these 
bodies  are  aiitii>optica  of  more-  or  k>«s  power. 

Th*'  nlworption  nf  tho  liydrobilinihiii.niid  its  «T^b.^^■q^lent  excretion 
in  modified  forms  iu  the  iiriite.  may  be  a  mere  nccidoDt  of  its  solu- 
bility and  diUViRibility.  or  it  may  play  a  real,  though  yet  uudiscovered, 
part. 

Sect.  5.    The  Fjsces  in  Health. 


Colon. 


imoont  par         Xhe  wcijfbt  of  the  fasces  excreted  by  healthy  men 
**""■  amounts,  oti  an  average,  to  one-seventh  or  one-eighth 

of  that  of  the  solid  food,  and  may  oe,  therefore,  estimated  an  from 
130  to  200  grms.  per  diem,  hut  the  ainoniit  varies  remarkably  with 
tho  nature  ot  the  rood,  with  the  way  in  which  it  has  been  cooked,  or 
otbcrwiac  prepared.  &c.  WHieu  the  diet  is.  in  the  main,  u  %-egutable 
one  coDtaining  much  cellulose,  tho  amonnt  of  utiassimilablo  matter 
to  be  gut  rid  of  is  much  larger  than  when  the  diet  is  mainly  an 
animal  one.  The  quicker,  too,  the  |Mig«aga  of  the  food  through  the 
alimentary  canal,  i.e.  the  mure  rapid  the  intestinal  contractions,  the 
greater,  <wiflm  paribus,  the  weight  of  the  fiBces. 

The  consistence  of  tho  fa'cea  varies  greetly  and  de- 
peni]»,  mainly,  on  the  length  of  sojutim  in  the  colott. 
The  colour  is  much  influenced  by  Ihe  nature  of  the  food,  by  the 
abundance  or  otherwise  of  the  biliary  colmiring  matters  and  their 
derivatives,  nnd  by  thf*  accidental  prosencc  of  foreign  elcmoutti, 
especialU'  of  a  lue^iUic  nature.  Thus  the  fteces  passed  ou  o  purely 
animal  diet  are  dark  brown,  and  on  a.  milk  diet  are  yel]owi«h  white. 
When  iron  ami  bismuth  are  pr-i-sent,  even  in  Hiuall  quantities,  io  the 
9toi_i[g,  the  Colour  h  a  bluck  one,  due  to  the  formation  of  sulphide  of 
iron.  After  tlic  udmiuintratjim  of  calomel,  tho  stools  have  n  green 
colour,  which  was  formerly  supposed  lo  he  due  to  aji  admixture  with 
sulphide  of  tnerairy.  The  true  cKplauation  appears,  however,  to  be 
that  under  the  intlupnce  of  calomel  uiteittinal  puirefaclion  w  arrested 
and  the  biliverdiii  which  ia  derived  from  the  oxidation  of  the  bile 
colouring  matter  passes  unehange*!  into  the  stools.  When  the  bile 
is  cut  OB  from  the  ititestiiie  the  stools  are  clay  coloured. 

Tho  amount  of  solid  matters  in  the  ficccs  varies  between  17"+ 
and  317  p.c. 

The  following  results  were  obtained  by  Bischotf  and  Voit  iu  the 
VBO*:  of  caruivorcB. 

"Wlii'u  fed  n\YOti  »  purely  Avsh  diet  &  strong  doj;  wxeretod  in  24  hotin 
only  :j7— iO  gruia,  ol  (woe»  ci>utainuig,  on  an  avwag*,  13*9  gnat,  of  aolid^ 
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thouf^  the  amonnt  of  meat  cotuumed  varied  between  500  and  2500  gmu. 
Under  theoe  coii<litiuna,  the  tKcett  ara  iilmoiit  block,  teoocioiut  like  pit«h  or 
limply  »Alid  uu\  are  oolr  evkcii&tcd  «t  tnt«rviil«  of  muaft  d»r«.  On  a  di«t 
of  bread,  dofiiEcatiDn  occurn  at  least  oqcc  daily,  and  the  weight  of  ttocea  ox- 
crated  IB  tniioh  greater  thao  on  a  flesh  diet,  renohinfi  one-sixth  to  ooB-eigblh 
of  the  weight  of  the  food  U)ge8t«d.  Thnn  in  Bischciff  and  Voit's  firet  M>t  of 
cx|ittriia«nt«.  tiio  amount  of  brmd  ooiiBuiuud  jit  diem  am»uuted  to  857 
gnus.,  which  corraapoDded  to  4G0  grms.  of  wat«r-fi<eH  bread.  The  fieoes 
weighed  377  grma,  and  eoniaiiieil  76  grniB.  of  solid  tDatt«ia,  so  that  for 
every  100  gnats.  o£  l>r«»d  ooaxumiHl,  Hivrt  iretv  excreted  lfi-6  gruu.  of 
Ihcm.  Pnicnt  piunvd  on  a  puraly  bread  diet  are  of  a  yellowish-hmwii  und 
enunble  i%sily.  They  pawuw§  a  vtrougly  acid  rsoctioa  and  are  oolouml  of 
an  iiiteuw  blae  hy  iodiue.  The  perceutaga  ooupovitiou  of  theae  fieceo, 
com [i»ntl  with  that  of  bread,  shi-ws  that  cbcy  are  oompoitnd  of  nearty 
iiiu-tiniiged  bmad  which  the  digMtive  ApparatUH  bait  Inmh  tirublu  to  utilise, 
whilst  th9  fieoea  pawed  on  a  fl««h  di«t  differ  widely  in  coraiwaition  from 
fleah,  aa  tlie  auhjoined  table  will  »)iew*. 


Awu/fa  ^  OhmvatioM  oh  the  /)oy  (Biteiqg^  and   VvU). 


BnaJ 

■ — ■ — ■  ■    ■ 

on  »  nwely 
braadaiM 

UmI 

00  a  paNtr 

C  percent. 

H    

n   

49-51 

2-39 

41  33 

4-13 

47-39 
S-A9 
3-93 

36-OS 
7-02 

51-95 

718 

14U 

21-37 

5-39 

43-44 

6-47 

6-W) 
1 3-58 
30-01 

0    

Mineral  matten 

■•■otton  at  We  have  drawn  attention  to  the  almost  univenaUly 

uiotacca  proiMgated   error   that    the  contenta  of  the  small  in- 

testine iiHUallf  poMOH  an  nikniino  reaction.  We  have  now  to  «iij- 
pbattize  the  parallel  emir  nhich  is  als-j  widely  diffused,  vix.  thai 
the  oMiteDts  of  the  large  intestine  and  the  faves  pcwsan  an  acid 
reaction.  Hie  exact  contrary  is  true.  L'suolly  the  normal  feces  of 
man  are  alkaline,  am)  it  is  very  exceptional  that  they  prosent  an 
Acid  reaction. 

na«d«ar«f  The  Bpccilic  foul    odour  of  fieces  is  due  to  indol 

**•*"*•*  and  capDcially  to  akatul,  drveluped  by  ihu  action   of 

putreraL-tivc  bacteria  in  ilie  cuIod.  OccanoDally.Kulphurotled  hydro- 
g«a,  aiiiinouio.  aiid  other  volatile  baaea,  conlributa  to  tho  foatid  otiuur. 

'  Thu  kooonnt  of  Biachod  and  Voit'*  aspninicnti  (file  OttUr  titr  frMlmav  dn 

fltiaMrOHT:  Ldpalit  n.  HciddUrt.   IMU,  p.  WOt  u  Uluot  horn  tbe    papn  \iy 

Lllaeh^Ml^  .V«ncki  and  Bivfaar,  AkMc  /.  ftf.  P«lK  a-  Plmrm^  VoL  sann.  (IWl), 

P.B4I. 
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niAttcr  f  onnd 
1ft  tho  exei*- 
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Mla*tooviii  On  microscopical  examination,  the  fteces  of  man  and 

J**"*"  ^  animals  onnsuming  a  mixed  diet  may  exhibit  the 
following  structures:  vegetable  parenchj-ma,  starch 
granules,  spiral  vessels,  masses  of  woody  fibre,  (rnimonts'of  muscular 
nbres,  fragmenta  of  teadon  and  tigamcut,  yoTlow  elastic  fibres, 
fragments  of  blood-veasels,  masses  of  fat.,  crj'sUitliuo  calcium  salts  of 
the  fatty  acids,  uudlasolved  nucleinH,  besides  mucus  and  L-pitheliuni 
which  Appears  to  be  abuudauUy  exuviat«d  by  tbe  lut^stiua)  waJIg. 
There  aie  also  frcquentlv  found  cblorophylloid  matters,  ciyatals  of 
nramoninoo-mflgneaium  phosphate  kc. 

The  brown  colour  of  the  normal  fieooft  is  due  to 
hydrobilirubin.  Ue^ii»ius  and  Campbell'  had  ex- 
pressed the  opinion  chat  the  colouring  matter  of  the 
uBces  was  identical  witb  choletolin.  Vanlair  and 
Maeius'  afterwards  described  the  colouring  matter  of 
BT<ij«bilinibl3i.  jhe  fjeces  as  a  body  very  closely  resembling  choletelin 
in  properties,  especially  in  epc-ciroscopic  chai-act<.T8,  but  which  they 
considered  distinct  from  it,  a^signiug  to  it  tb«  name  of  'SUrcolnlin' 
Je.ff6  looked  upon  tho  colourinc  matter  of  the  faeces  as  identical  with 
the  urnbilin  of  the  urine*.  Maly',  however,  subsequently  shewed 
that  the  colouring  matter  of  the  fiecos  is  doubtless  tho  some  as 
the  product  of  rcdiictiun  which  he  had  obtained  from  bilirubin  and  to 
which  be  hud  asstgneil  the  name  '  hydrobilirubin '.  The  origin  of  the 
latter  body  from  bilirubin,  under  the  influence  of  the  nasceut 
hydrogen,  abundantly  evolved  during  intestinal  digestive  proceflsea. 
sufficiently  explained  its  occurrence.  I^otwithatanding  tbearganieuta 
of  MacMunii,  which  arc  based  on  minor  differences  in  spectroscopic 
reacltiius.  the  Author  in  of  the  opinion,  which  is  shared  by  nearly 
all  physiological  chymibts,  that  tliv  uormal  colouring  matter  of  the 
fa.-ccs  iH  a  product  of  reduction  uud  is  identical  witli  Maty's  hydro- 
bilirubin. 

Some  iiDdeeomposcd   glykocholic   acid    ha^    boon 

found,  by  Hoppe-Seyler,  in  the  excrements  of  the  ox. 

In  the  main,  however,  as  has  ftlready  been  repeatedly 

initutted   on,  the   greater  part  of  the  bile   acids  ikre 

removed   by  absorption,  and  only  small  quantities  of 

cfaolalic  and  chuloidic  aciuK  are  found  in  the  fiuces.     It  is  recnaiicftble 

that  the  faices  only  contain  very  small  quantities  of  tbe  extremely 

resistant  taurine.     Uresaler*.  by  calculating  tbe  sulphur  existing  in 

■  Uoynalos  iLud  Campbell,  op.  dl.,  v.  8S0. 

■  VtLiiluir  knd  MnuiiiH,  'Nouei  AbltAnualing  dM  Q*lloDtAi'b«ta9a  itn  DucainliKlt.' 
Ctnti^ilil.  f.  d.  intd.  ll'infn>e>iti/t,  1871,  iw.  M. 

1  Mas  J&fl^,  'VorhomiDGii  von  Urobilin  Lm  HaJiiiiiiluLlt,'  CtntraibUitt  /.  d,  mtd. 
WUtftacluiJr,  1871,  no.  30. 

*  lUcliani  Mai;.  'Kllnallialif  UmnajidluiiA  tou  ttiltrnbin  in  Bamfubstofl,*  Cra. 
trirlblaii  f.  it,  rned.  II'Miciur/i.,  1K71,  DO.  &i.  'Umuiuidlung  tod  Dilirobio  lu  Honifftrb- 
iitoll,'  Ualy'sJahralreT..  Vul.  ii.  (1871(.  ji.  aSS  el  wy     Stw  p.  23'. 

'  W,  X>rc«nlitr,  '  Utritri^  xat  KooaUiias  drt  eioivtuvnlkLlfin  Tautin-  und  Cuhwi 
felAUifubr  beloj  Menuobcn,'  Praper  Vieruljahratthri/l,  Vol.  Lzxsvtii.  (Ill65),  p.  I. 


TLfl  dsrtva- 
Itvaa  of  tbo 
bUa  actda 
louaclln 
ttaelwoas. 


CHAP,  XII,]         PATS   AND  CHOLESTERIS   IN   THE   WXCtS. 


4o» 


•liolMUrin  la 
tkaflMM. 


organic  combination  in  tb6  f^ecea  u  taurin,  found  that  the  total 
quautitj  excreted  in  24  hours  only  amounted  to  032  grms.  This 
fact  affords  an  additional  proof  that  the  bile  acids  ore  maioljr  re- 
abnurbed  in  the  alimentarjr  canaL 

r»u  uid  1,     fata.    Even    the   normal    fieoca  of  men   on   a 

mixed  diet  contaia  aumll  quaniiiMa  of  tbo  ueutral  fatt. 
the  quantit}-  of  pehuitin  and  fttcarin  bcine  Mid  to  be 
greater  than  that  of  the  oleiu.  When  targe  tjuantities  of  fata, 
espodally  of  oila,  aio  added  to  the  diet,  the  tiecea  always  contain  an 
excetti  of  fat  Burth^',  in  experimetita  U[>on  himMu,  fuuud  that 
when  conauming  daily  a  diet  composed  of  330  grms.  of  meat,  500 
of  bread,  60  of  fat  and  100  of  fruit,  the  i)iiantity  of  fat  daily  excreti^l 
in  the  ftecea  amounted  to  7 — 8  grms.  On  addinj;  60  f^nos.  of  cod- 
lirer  oil  to  this  diet,  he  excreted,  on  the  Ut  day  8  grmn.,  on  the  7th 
day  IS  grms.,  on  the  12th  day  IK  grms.,  on  the  SOtb  nay  22  grma.,  and 
on  the  30th  day  49  gnn&  Froui  this  experiment  it  would  appear 
thnt,  at  firet,  the  olimcDtary  canal  was  able  to  absorb  ocArly  the  whole 
of  the  extra  fat,  but  that  the  capacity  of  absorpliou  became  gradually 
)iB|Mired. 

Th<;  fa;ces  always  contain  magnesium  and  calcium  salt«  of  the 
fatty  acids,  which  are  often  found  cryHtallised.  If  the  fa»ceii  be 
tlinn:)ughly  extracted  with  alcohol  and  with  ether,  so  as  to  remove 
the  normal  fats  and  the  free  fattv  acids,  and  the  insoluble  residue 
be  theu  treated  with  hut  acldulatea  alcubol.  the  fatty  acids,  previously 
in  couibiuatiou  with  the  alkaline  oartbs,  pttss  into  solution. 
Lecithin  is  either  ahaont,  or  present  in  traces,  in  tho  fieoca. 

S.  Chcltattrin.  Tho  Dormol  teeca  always  contain  some  cholc- 
sterin.  According  to  Austin  Flint.  Juu.\  the  faicea  do  not  contain 
cholestorin,  but  a  oody  derived  from  it  to  which  he  gave  tho  name  of 
stercorin.  It  ia  the  uuivoreal  opinion  that  Flint's  stcrcorin  was  merely 
impuru  cholesterin. 

In  1&57  Marcet'  sepamted  from  the  fa-cea  o(  man  a 
body  cryetailieing  in  shining  ncedlee,  soluble  in  alcohol 
and  etli»r,  iiiHoiuble  in  water,  to  which  he  gave  the 
name  of  excrctin,  and  aligned  the  formula  CmHimSO,.  Hiuterherger* 
afterwards  made  an  elaborate  investigation  of  ihin  body  and,  by  rp* 
crystallising  it  many  timca,  obtained  it  free  from  sulphur.  From  100 
pounds  uf  excremeota  he  obtained  8  gnn&  ofexcretin.  According  to 
thix  investigator,  excrotin  haa  tbo  empirical  formula  CvU«0.    Unlike 


BxcrsUn 
MUc  seld. 


■  IkrtU,  quolMd  br  Hftlj.     Uinuuui'B  ttoMiOmlt.  VoL  r.  t.  p.  MB. 

*  Aoaila  Flint,  Jus.,  Kechtnlut  t^pirimtnutU*  tur  un*  Mwrt/lf  AmcCdn  ih/M*  da. 
Puia.l0ea. 

■  W.  BUnrt,  'Ob  tbs  iaatdUU  printlplN  of  hunMS  tswwuMli  in  Dm  lualtltr 
fUM,'  PhtUMefkiMt  r>MM«HMu.  ¥ol.  cii.vii.  Pvt  1  (1N7),  ff.  IM— 41S.  Ako 
itannlM  •!«  eUmtt  H  4*  pllM„  Vol,  lo.  (1900),  fu  »1. 

•  V.  jliaMctMnv.  -ttebw  du  fExcniiii,'  Jan.  d.  Chtm.  n.  J'fMni.,  VoL  Cuvt. 
(ISTShp.Ua. 


iGO 


RESULTS  OF  ANALYSES  OF   UUMAN   F.BCES.  [BQOK  U. 


cbolesteiio  it  separates  in  warty  or  spherical  miisses  and  ts  lees  soluble 
in  glacial  acetic  ncid  than  cholasterin.  Excretin  when  treated  witb 
broinino  yields  a  body  having  the  composition  CwHuBr,0.  By  the 
uaiuo  of  'c'xcretolic  ncid/  M&Fcet  described  an  oily  body  which  he 
separated  from  huumu  fa-ces.  These  he  exlracLeJ  vrith  hot  alc»hol 
aud  pruc'ipiLalt'J  wilh  ca.!eiuin  hydrate.  He  docomposod  th«  caJcium 
prccipitatf  with  sulphuric  acid  uiid  then  abouk  with  uthor,  Sui.  The 
purified  residue  bad  a  melting  poiut  betwe*?ii  2a — 26'  C,  was  insolu^ 
ble  in  water,  soluble  in  ctber,  and  easily  soluble  in  hot  alcohol. 
Presumedly,  excretuHc  acid,  the  product  obtained  by  Marcet,  was 
an  impure  mixture  of  fatty  actds. 

The  faecea  ccmtaiu  minend  aattft.  of  which  the 
amount  varias  greatly  according  to  the  nature  of  the 
food  iiigcated ;  those  are  composed  mainly  of  phoH- 
phates  of  the  alkaline  earths,  with  a  sma-ll  quantity  of  phosphate  of 
iron,  sihca,  &c.  The  amount  of  the  mineral  matters  varies  oetweeD 
1  and  8  per  cent. 


KUtnl 
m&tters  fotuul 
In  the  tmat*. 


Remdta  of  quantitative  analyaet  o/  Human  Fcacet. 

The  water  and  volatile  matters  vary  between  82'<J — &8"3  p.c. 
The  Solid  matters  (organic  and  miueral).        ]7'4 — 317  p.c 
Total  solid  matters  excreted  in  24  hours         16 — 57  grrusu 
Average 30  grras. 

1 1)0  parts  of  dried  fieces  yield  on  an  average 

Matters  soluble  in  ether  (niaiiily  fat»)  11 '5  p.c. 

,.       alcohol       .        .        .  13'6  p.c. 

a  „       water         .        .  20-0  p-c' 

According  to  Euderliii*.  the  following  represents  (he  composttioD 
of  the  mitieiul  oiatters  of  the  fieces. 


Salts  soluble  iu 
water 

Sails    insoluble 
in  water 


Soilium  chloride  and  tnilphate  I'ST)   a.nn 
Sodium  phoephate  2U3f     "^ 


Earthy  phoaphat^s  8tf'37 
Ferric  plioaphate  2'0I) 
Calcium  Sulphate  V^3 
Silicic  acid  7'd4< 


1.9+-93 


Porter*,  in  a  re»tarch  conducted  in  the  Qiessen  laboratory,  under 
Liebig,  found  the  mineral  matters  of  human  fieces  to  amouut.  od 
the  averiLge,  to  6'T  p.c.  The  mineral  matters  of  the  f^ces  passed 
during  4  daye  weighed  11 '47  grma.    The  faecea  of  babies  fea  only 

'  Weliiarg  quoktd  bjr  %£a]jr.     Htu-uiiiiin'ii  Handb\te\.  Vol.  t.  i.  p.  M6. 
^  Eadcrliii,  Ann.  d.  Chtm.  u.  t'fiarm..  Vol.  xux.  I1S41)<,  p.  SSS. 

'  J,  A.  Putter,  '  Utitoimchntig  (Icr  Aicho  iii«&*clilJohcr  Hiorcmeiit*,'  Jntim  <L  Cha^ 
u.  i'Ktnn.,  Vol.  nxi.  (Isltfj,  p.  lUU. 
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OD  butnMi  milk  have  been  analysed  bj  Wegscbeider,  irho,  as  tlie 
Riean  of  tbree  analyiteg,  found 

Water  in  100  parta  85  13 

OrgaDic  matters  „  13'7  L 

Mineral  matters  „  1'16. 

The  oatare  and  amoimt  of  the  oonBtliueot  organic  matt«n  ia 
exhibited  by  the  following  mean  of  10  aoalysee ; — 

Mucin,  epithelium  and  lime  scape  in  100  parte  &'39 

Cliolfsttriu 0-32 

Fats  and  fatty  acitls  .....  1*44 

Alcuhol  oxtiBCtives 0*82 

Water 53* 

Inoi;ganic  salts 1-36 


The  Meeomttm. 

This  term  is  applied  to  the  content-s  of  tho  laige  intestine  of  the 
fa-ni3.  which  are  eicpelled  at,  or  after,  birth. 

PiTiAe&i  The  mecuuium  is  a  dark  greenish  brown,  pttch-Ukc 

*'^**''**'""  substance,  devoid  of  putrefactive  odour;  it  usually 
posaesscfl  an  acid  reactiuii.  It  exhibits,  under  the  microscope,  in- 
numemble  cyliudricul  epithelial  cells,  united  together  and  often 
rctfuning  the  form  of  the  villi,  from  which  they  have  become 
di^tacheii.  Theae  cells  are  URttally  stained  of  a  gre«n  colour.  Bertidea 
epithelial  cells,  large  numbers  of  cholosterin  platee  and  tat  globules 
ore  tu  be  neeo,  as  well  as  crystals  of  bilirubin. 

caiemteal  The  mooonium  contains  from  20  to  28  p.c  of  solid 

"*'"*'""■  matters.  These  include  mucin,  bitinibio,  biUvordin 
and  bilf  acids,  choleeteriii,  and  small  quautities  of  fats  and  tatty 
acidB.  Zweifel',  who  hoA  made  the  must  complete  modem  rcsearehea 
on  the  meconium,  as  well  as  Uuppe-Suyler,  found  neither  lecithin 
nor  hydro  bilirubin  in  it  The  latter  fact  afibrds  evidence  that  no 
reduction  processes  occur  in  the  fistai  intestinea 

Fntm  the  meconium  of  the  calf,  Hoppe-Seyler*  obtained  as  much 
aa  1  p.c.  of  pure  bilirubin.  Besides  bilirubin,  the  meconium  oontaios 
much  bilivenlin  and  a  colounng  matter  which  exhibits  a  narrow 
aheorptjon  band  on  the  red  side  of,  nod  near  to,  V,  and  a  broader  and 
darker  hand  between  D  and  B.  This  colouring  matter  paasea  into 
the  i;thereiU  solution  when  calf's  mi>c>uium  i^  treated  with  alcohol, 
the  alcohol  diattUfld  off  and  the  riTsiduc  is  truatcd  with  ether.  The 
•theroal  iplutioii  poweaacfl  a  purple-red  colour. 

•  ZmiM.  'UDltnnchDiiRWi  Dber  i»a  jfaooalnm.'  Ankh  f.  Ogi^Ahalafti,  Vol.  tu. 
■  Qoppo-8«7l«,  PkfPUilvf.  Cktm.,  p.  HO. 
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The  roUowiae  a&a^Bee  exhibit  the  geueral  compositioQ  of  human 
meconium  (Zweuel). 


d' 

(21 

Water                  in  100  parts 

79-78 

80-45 

Solid  matters             „ 

20-22 

19-55 

Cholcsterin 

0-797 

— 

Fats 

0-772 

— 

Mineral  matters 

0-978 

0-87 

(8) 


1-238 


In  the  mineral  matters,  Zweifel  found  mach  sulphuric  acid,  in 
comhinatioQ  whh  calcium  and  with  sodium,  fie  found  in  the  ashee 
between  1'7  and  3-4  p.c.  of  FePO,. 


Sbct.  6.    The  F^ces  in  Disease 


rncuii 

fKODdlM. 


dlMUa  of 

Uie  puicroaa. 


We  have  already  referred  to  the  fad  that  when  bile 
16  cut  off  from  the  intestine,  the  feces  assume  a  clay 
colour,  are  devoid  of  derivatives  of  bilirubin  (hydrobilirubin),  exhale 
an  exceedingly  ftetid  putrefactive  odour,  and  contain  a  largo  quantity 
of  fat. 

rao«i  Ui  When  the  pancreatic  duct  is  occluded,  as  by  cancer 

of  the  head  of  the  paucreaa,  the  stools  also  cuotain  a 
large  quantity  of  faL  Cases  in  which  the  bile-duct  is 
not  at  the  same,  time  pressed  upon  are  rare,  so  that  the  opportunity 
of  Rtudyine  the  eft'ents  of  an  unoomplicatcd  occlusion  of  the  poucrea* 
tic  dtict  Hulduni  occurs. 

Tiw  fncsi.  Many  purgative  medicinos  appear  to  act  merely  by 

M*"  '"^^  increitsing  intestinal  peristalsis.  If  the  rate  of  pnagoge 
of  the  intestinal  conteota  be  increased,  it  is  evident 
that  the  abtiorptian  of  water,  and  other  cnntttituents  capable  uf 
being  absorbed,  will  be  diminished  and  that  the  fseces  will  assume  a 
much  less  solid  character  than  is  normal.  On  the  other  hand,  th* 
saline  and  so-called  hydrago^e  purgatives  appear  to  act  both  by 
increasing  peristaltic  action  and  by  auj^mcuting  th«  intestinal  secre- 
tion (Moreau,  Vulpi&n,  Brunton,  Matthew  Hay);  the  saline  pur^tivea 
also  act  by  impfdiug  the  absorption  of  wat«r  from  the  alimentary 
canal  (M.  Hay,  Rbhmann'). 

In  the  case  of  many  purgative  substances  it  would  appear  that,  as 
in  diarrhoea  due  to  »pecitic  poisons,  the  intestinal  mucous  membrane 
is  irritated,  an  excessive  amount  of  epithelium  is  thrown  off  and 
a  pathological  trauaudatiou  from  the  bluod-wsaels  occiirs,  as  avi- 
deuced  by  the  albiiniiii  which  the  liquid  dejecta  hold  in  solution. 

*  For  i^lvmatiG  iolomiatton  oa  this  Bu1>Joct,  whi«h  doe«  not  fttrlcllj  oome  wiUila 
the  Mtr^  ot  tli«  proucnt  work,  MmNoLt  HftrniMli,  Ltfirbuek  Jtr  AnneifnittttUhrt  mtd 
Arttt^norariinuHfilfhrf.  HKtnbnrg  und  Leipxig,  V«riw  vod  Leop.  Vots,  1B8S,  aeo  pp.  4] 
— IS,  and  Drunlon'e  Pharmacolosy,  Theraj>ftititt  and  jilaltria  Medittt.  Tho  followiac 
MDen  alionld  b«  rvft^ired  to  on  thli  inbiecL  IUdtleJaw«ki,  'Zur  iihyKJologtaehyn 
Witknii^  tier  Atiruhrmiltel,'  Arckiv  /.  Anat.  ».  f  Ayi.,  1870.  p.  1.  Lander  BmtitOD 
'On  tbe  uc-liuij  uf  pur^alive  u^oincs,'  Ttu  Pntetitioner,  1671.  I>r  MatUiaw  Hm' 
Jvunutt  vf  Anati/my  ami  Phj/tiohgy ,  Vol,  xvi.,  pp^  3iS  ftad  391.  "~J' 
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C.  Scbmidt  found  the  liquid  d^Mtum*  of  man,  after  administratioa 
of  iofuaioiu  of  senna,  to  aave  the  folluwing  cumpoeitioo*: 

Wftter  ill  1000  parU      96975 
Solid  matten  dO-^S 

Albumin  1*64 

Other  organic  matters     SCKKt 

Inorjfaoic  salts  8*58 

The  anatyus  of  the  mineral  ooniitituentB  made  by  this  eminent 
analyst  exhibit  clearlr  enough  that  the  secretion  was  not  uonuol 
intestinal  juice,  the  solid  constituents  of  which,  as  wc  havo  shewn, 
contain  one-tbiril  of  their  weight  of  sodium  corbunate. 

Schmidt  found  thu  inorganic  xalui,  referred  to  in  tbe  above  analysis, 
to  have  the  following  comptioition. 

RSO. 0-667 

KCI 2C80 

SuCl   2-056 

Na^PO 0-658 

Na,0  1«60 

Ca,(PO.),    0325 

Mg.<PO.),  0-233 

MMfeed  of  ]u  oxamiuiug  the  litfuid  atooU  paasod  in  {ltaiTh<&a 

thilMMlfiB  depending  uthjn  simple  intestinal  catarrh,  typhoid  fever, 
totmam  '^^  cholera,  the  obwrvor  should  not  merely  satisfy  him- 

UM«ikUd  self  by  simple  inspecttou,  but  should  decant  the  stool 

vttbduiThiM.  into  a  tall  cylinder  and  examiao  both  the  deposit  and 
the  supernatant  liquid.  "  In  all  cases  where  the  stools  have  to  be 
examined,  the  noisome  odour  mav  be  rednced  to  a  minimum  by 
ponring  over  them  (whether  liquid  or  solid)  a  tiiin  layer  of  ether. 
After  the  sediment  baa  been  deposited,  the  observer  can  form  at  a 
glance  an  approximate  estimate  of  the  amount  of  water,  blood. 
mucus,  and  solid  matters.  He  is  able  to  recognize  the  amount  and 
size  of  Gbriooua  exudations  ami  can  easily  oblaio  the  different  con- 
stitucnte  of  the  fieces  for  microeoopic  examination.  The  lait«r  by 
revimliug  the  presence  of  pus  ana  hlood-OOTpusoles,  of  vxuvul^d 
apithelia,  of  mucutt  nud  the  histological  clt.'meuls  of  tumoure,  permit 
of  an  approximate  cuuclusion  being  drswu  as  to  the  naturv  and 
intensity  of  the  pathological  prooessos  going  uu  in  the  iutestioeV 
It  need  acarculy  he  added  that  at  the  present  time  a  bacteriological 
examination  of  the  forces  in  disease  is  ueceaaary  for  their  iborougb 
scientific  inveatigation. 

■  0.  Bebtnidt,  •  Zor  Chu»kt«iwttk  d.  epidatu.  Cholos,  ft«.'    Dorp«(  a.  Hilkn  [ISSOt. 
*  ft*tij  tr*a*lalod  bom  Evsld— /J><  t^ttrr  ivm  <hr  I'midMHHjr.      Kinirilitiig  in  di« 

SWdfwiidw,  IM  IPHitiMMMM  187»— 7»,  reaDtC,  L  BwmlA.  Bartia,  UbMbmdd, 
MTft,  s»  p(^  96  and  97. 
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TtLB  Btooia  m  Iq  typlioid  fever,  the  diarrhccA  probably  depends 
^vbolA  (crer.  partly  on  tiiniiniabed  absorption  of  water  aod  partly 
upon  the  transudations  which  result  from  the  inflammatory  process 
set  up  by  the  products  of  tlie  specific  organiams  wbieh  are  the  cause 
of  the  disease.  The  stooU  may  contain  blood  and  necrotic  jKirtiims 
of  the  mucous  rocmbmne.  They  are  said  often  to  contain  ammonium 
carbonate  and  to  exhibit  imder  the  microscope  crystals  of  ammoniaco- 
magne^ium  phosphate.  According  to  Bricgcr,  they  cootaia  no  skatol. 
The  fieces  of  typhoid  fever  contain  the  characteristic  baralluft, 
bacillus  typhi,  6rst  accurately  deflcrihed  by  GaflTky'.  The  researches 
of  Brieger'ehew  that  this  bacillus,  like  the  hacterittm  colt  commune, 
decompo^B  sugar  with  the  proJtictiou  of  lactic  acid.  Whilst 
however  this  latter  bacterium  jields  dextroeyrous  acid  (viz.  sar- 
colactic  add),  tlic  bacillus  of  GaCfky  yields  IJievogyrous  paralactic 
iu:id  (Blacltsteiii').  In  the  tirst  edition  of  this  book  three  isomeric 
UAtic  acids  were  described,  viz.  etbylenc-lactic  acid,  and  the  two 
ethylidene-laclic  acids,  to  wit,  the  optically  iuacliv*?  ethylideue- 
lactic  acid  or  lactic  acid  of  fenueutation,  and  the  optically  active 
d€j:troffTfroiui  ethylidene-lactic  acid  or  sarcolactic  acid.  Tbi«,  which 
was  also  called  paralactic  acid,  may  now  with  convenience  bo  called 
deitrogyroua  paralactic  acid.  Iq  1890,  Schardringer  succceiled  in 
obtaining  [as  a  result  of  the  fermentation  of  cane  migar  by  a  bacitlus, 
discovered  accidentally  in  water)  the  hitherto  unknown  Isvogyrous 
ethylidono-lactic  acid,  wbioh  forms  salts  which  are  dcxtrogyrouB 
(iwrcolttctic  acid,  on  the  other  hand,  being  dL-xtrogyrous  forma  1(C- 
vogyrouB  salts).  So  far  a«  is  at  present  known,  the  only  pathogenic 
organism  which  priKluccs  la-vogyrous  lactic  acid,  is  acconling  to 
BlachHtein,  Gaffky's  Bacillus  hfphi.  From  cultures  of  the  baciUi  of 
typhoid  fever.  Brieger*  separated  a  poiaonou.s  ba.se,  to  which  he  as- 
signed the  name  typhoioarin  and  the  formula  CjH,,NO,  When  in- 
jected into  guinea-pigs  and  mice,  typhotoxiu  produces  a  letbar^c 
condition,  paralygis,  and  fatal  diarrhoea.  In  addition,  active  toxiu- 
bumins  appear  to  be  produced  in  cultures  of  the  typhoid  bodJlus 
(Brieger  and  Frankcl). 

In  Asiatic  cholera,  the  fsacus  assume  the  character 
of  the  so-called  'rice-water  stools,'  i.e.  they  present  the 
appearance  of  a  turbid,  floceulent  liquid,  from  which  bile  is  alweat, 
in  wliicb  the  microscope  reveals  the  presence  of  a  l&rge  amount  of 
epithelium  shed  by  the  intestinal  villi,  and  bacteriological  analysis 
the  presence  of  the  cholera  spirillnm.    The  liquid  feces  contain  very 

'  M.  tiaflky,  lliltheilut\gcti  ant  dcm  Kaiierl.  Gentndlifittanl*,  Vol.  U.,  ijaoted  by 
BltichnUitu.  ■ 

'  Brieger.  Vehfr  Ptomaine,  Th.  n:.  (IftSA),  p.  91, 

'  Dr  BlachHtein.  'C^ntribuiiftn  A  Ia  hicloaie  da  Imdlle  typhiqot'  (Tntvall  da 
labontt.di!  M.  Krncki  a  rinniitut  Intp^'mi  ie  MMccinc  nxp^itnicnlalcl,  ^om.  1  and  t, 
KutttuUi  de«  Archivtt  <it»  Svirticn  lUolujiiijuet,  Tvl,  I.,  St  PotMsbiUf ,  199S, 

*  Briej^er, '  Znr  Kfinnlntw  dcr  Kildiiiig  von  Pto«sa\iieo  nnd  TaxinM)  dttrob  patW 
(fene  Bacterlvt),'  Sittvngtber.  d,  Bfrl,  Akad.  d,  Wit*etaelui/t.  Jtui.  UtSU- 


Tbe  stoolBln 
Gfaoleia. 
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little  organic  solid  matter  dod  a  cooeiderable  proportion  of  8a1i«. 
They  invariably  contaio  ulbuinin.  Tliey  exhale  a  8eni«a-like  odour 
believed  to  be  due  to  peotamethylendiamin.  The  following  ore  two 
•analysea  of  cholera  stouU  inaije  by  C.  Schmidt: 

Wator  in  1000  porta     98817         9S5']3 
Ol]ga.uic  matters  2*99  732 

Minoral  matters  H'M  7*55 

Recent  investigations  have  in  the  cue  of  cholera  esublisbed 
'Certain  facts  which  possess  great  interest. 

Cholera  cullure;;  alway^i  coatwo  indol  and  nitrites.  The  con- 
seqiicDCd  of  this  admixture  is  that  when  dilute  sulphuric  acid  is 
ada«d  to  them,  or  to  cholera  stooU,  a  red  colouration  in  produced, 
which  is  due  to  the  sulphuiio  acid  setting  free  tlie  nitrous  Acid  of  thu 
nitrites,  which  reacting  on  the  indol  pre.sent  forma  of  nitrat«  of 
nitroeo-indol  (see  page  423)'.  In  chwlera  culture*.  Briegcr'  liaa  found, 
in  addition  to  the  non-poi^onous  peulAmethylendinmiu  and  tetra- 
methylcndiamin,  the  highly  poisonous  tatthyl-gaonidin.  Briogor  and 
Fnkiikel*  have  also  fouud  certaiu  toxalbumins  which  appear  to  bvlung 
to  the  class  of  gtobulina.  Froni  thexc  researches  it  appears  probable 
that  certain  of  the  graveiil  Hymptom-s  of  cholera  ar»  due  to  the 
actual  poisonous  action  induced  by  the  chemical  pnxlucu  which  result 
from  the  action  of  the  cholera  bacillus  on  the  albuminous  matters. 

In  dysentery,  the  stools  are  always  intensely  foptid, 
soruetimes  of  gauzreuous  odour,  and  are  characlerisol 
by  the  presence  of  niucas,  streaked  or  atainetl  with  blood,  and  orteu 
contain  purulent  sloughfi.  So  far  as  the  Author  knows,  the  bacterio- 
logical study  of  dysentery  and  -au  exaniioation  of  the  chemical 
p^ucu  of  the  patuogeoic  organisms  which  caase  it,  hare  not  yet 
been  ojade. 

Id  a  future  volume,  we  aliall  have  to  study  at  length 
'cvstine.'  a  remarkably  interesting  sulphur  derivative  of 
lactic  acid,  wbica  occurs  in  traces  in  the  henltby  organism,  but  which, 
in  certain  individuals,  is  excrtited  in  the  uriae  in  considerable  qtiiuiti- 
ties  and  sometimes  forms  cystine  calculi.  Cystine  was  tir^t  discovered 
ai>  a  constituent  of  a  very  rare  form  of  uriuary  calculi  by  WoUiuloa. 
It  has  the  empiricul  formula  C,H„N,S^O  The  reaearcbes  of  E.  Bau- 
mann*  leave  no  duubt  that  cystine  is  a  oithioamido-aitbylidene-Uctic 
acid,  which  may  be  represente<]  by  the  subjoined  formula: 

K^C(CH,)(Nn,)COOU 
^nC(CH,)(NH,)CX)OH. 

■  B.  9ftlko«>U.  'UsiMr  dw  CkoUnnt  and  du  Ztuuaibkomato  dai  Cbotem- 
rMktlon.'  Vlnibow'a  AnUo,  VoL  cs.  I  Wr),  p.  S«0. 

•  L.  &rie«»,  'Zar  BeantBln  d.  Buduiic  too  PtoaMtan  md  ToiiiWB  fcnh  yatho- 
||«aa  BftkUri«a/  XltnrjMtkr.  4.  B*rl.  Akai,  d.  VUttm.,  Jao.  1M8L 

■  L.  Bric«««-  kod  C.  PrKnlul.  •  OntM«adian«Ht  Olwr  BaoUrii^lU,'  Afrl.  hU^ 
ir^Jhraitft..  1S»0,  pp.  Slt-346  uid  pp.  SSft— S7I. 

•  Bannuin.  ZtfUrk.  f.  phyvfoJ.  L'JUn.,  ToL  nn.  (ISSl).  f.  MOi  ToL  m.  |t8H>.  p- 
361;  Vol  tn.  (1993).  p.  &si 

o.  80 
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Id  individuals  auiferiDg  from  the  cystine-diatiiesis,  tb«  quantity 
excreted  in  the  urine  is  comparatively  large,  as  much  as  one- 
fourth  of  all  the  Bulphur  which  should  be  excreted  in  the  oxidised 
condition  passing  out  of  the  system  as  cystine.  There  cao  be  DO 
doubt  that  this  depends  upon  an  abnormal  doeompoaition  of  the 
prottids,  and  facts  render  il  piubublt;  that  this  is  dependent  on  the 
intcrveBtion  of  abnormal  t'ermcnt^tioiis  io  tho  alimentary  canaJ. 
Neither  llii;  faices  nor  the  urine  of  licalthy  human  buings  contain 
any  trace  uf  iIiainiiie3(ao-calledp(o7»Mti7i(w).  Bauiuanu  and  Udranaky*. 
as  well  a.s  Briegcr  and  Statlthtigcn*,  have  found  that  when  cystine 
0(TCun<  in  the  urine,  both  the  fscefi  and  the  urine  contain  cadaverin, 
putrescin  and  another  diamine,  which  in  isomeric  with  pentamethylen- 
dinmine  or  cudnverin  (perhaps  neuriclin  or  saprin).  It  ther<^foTe  seems 
very  probable  that  the  cystine  diathesis  depends  upou  au  abuonual 
ferment  process,  having  it9  acat  in  tho  iutcstine  and  due  to  yet 
unkufiwu  micro-organ  isms. 


Sect.  7.    The  Gases  of  the  Labor  Tnte-stikk. 

The  large,  lilce  the  small  intestines,  are  always  more  or  I 
distended  by  a  mixture  of  gases  which,  in  part,  have  ditTuned  out  of  the 
blood,  but  in  part  are  the  products  of  the  action  of  micro-orgaQistns 
on  carbohydrates  and  to  a  less  extent  on  proleids.  The  evolution  of 
gases  is,  however,  iu  the  normal  condition,  a  very  limited  one.  An 
analysifl  of  the  gaflca  obtained  from  the  rectum  shows  tlicm  to  be 
compo^d  of  a  mixture  of  carbonic  acid,  marsh  ga^i,  nitrogen,  and 
hydrogen.  In  the  strictly  normal  condition  of  digestion,  unless 
substances  are  consumed  in  considerable  (quantities  which  either 
oontain  free  sulphur,  or  easily  decomposed  sulphur  compounds,  the 
gases  of  the  la-rge  intestine  contain  no  sulphuretted  hydrogen. 

origin  of  uw  The  CO3  is  in  part  deri^-ed  from  the  blood,  in  part 

UMUvidaa]  ^jig  product  of  the  bacterial  decomposition  of  the  carbo- 

ttamiieOgMea    hydrates  and  proteida,     The  H  is  a  product,  as  we  have 
ottboaaiaa.        iilready  shewn,  of  the   action  of  various  bacteri&   on 
eugars  ,  in  part  it  is  produced  during  the  putretoccioD  of 
albuminous  budiea 


The  methane  {CH«)  is  the  product  both  of  the  fermentation  of 
carbohydrates  and  proteidd  (KunKcl)*.    It  is  formed  in  large  quaniities 

'  G.  Bnum&nn  and  L.  v.  Cdrnnsky,  'Ucbcr  das  Vnrkommci]  ron  DUmincD. 
nfinuteu  Ptoiualnea,  faci  Cyaliiturio,'  Zeiuch.  f.  phti$.   Ch<in.,  Vol.  mi.  (1S89), 
5B*-51)-l. 

'  L.  BrU^^aud  M.  3U4U)fima,  *U«li«r  G^tinurio  nelixt  Bdmorknngan  aborciaaa 
Fall  Ton  morbus  niaoaloBOB  ^ilnofii,'  Ufrlitur  hi.  Wochrtuch.,  1889,  do.  16,  mod 
Miily'v  Jahreibfrielil.  18U0.  p.  159. 

*  TiiH  dljiiEiitiiul  ovolutlon  of  U  and  CO.  durinK  ihe  butyric  toiacntAtioD  It  mO 
known:  ntx:  Viuttir  Pivii^lnitin,  'Eiiiige  VcrHuciiaUWiUolinlteisaure  QihniDg.'Pfltlser^ 
Archil',  Vol.  VIII.  (167.1),  p.  332. 

*  Kuakcl.  'Uubuctliu  Wi  dar  ranoressrenlaauiif;  &a([ret«Dii«i>  GtM,'  abvtrMled  la 
Mftly*  Jahrtther..  Vol.  tv.  |le76},  pp.  37^-276. 


CHAP.  XII.] 


ItCTISTIirAL  CONCRETIONS. 


467 


by  the  bacterial  deoonopositioa  of  c«Uul(«e  (Eoppe-Seyler*.  Tappein«r*, 
HeDUfberg  und  Stohmanti'.) 

The  nitrogea  is  in  pan  d<.>iibtles8  n  diRusate  fruiii  the  UimmI,  but 
is  certainly  in  part  derived  from  tbe  b«icterijU  decompositioQ  of  the 
proteids  (HiifDct*.  Kuakel*.) 

The  following  are  the  results  of  analyses  of  the  gases  of  the 
bunma  colon,  made  by  Ruge. 

Seauli*  of  Aiudtfti*  ^  tA«  Otuw  <^  ikt  Largt  /nteafiiw  <^  Man. 
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M-7 


n-5 
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roiMable  din 

polml 
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49  ■» 
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lO-e     18-8 


Seer.  6.    Intestikaj.  Concbbtiohs'. 

In  tiddicioD  to  gnll  stones,  which  are  very  fret]uencJy  cxcratod 
with  the  Soacm  per  anum,  or  which,  remaining  impacted  in  the  small 
iutestine  occasiooally  are  the  caiiiw  of  fatal  intestinal  obstruction, 
intestinal  calculi  are  somctimce  met  with  iu  the  colon  of  ocrtaia  of 
the  lower  auiiuals.  and  much  more  rarely  of  man.  In  man.  these 
calculi  arc  usually  voiy  noal),  having  a  diameter  of  O'S — 1  mm. 
{iiUtatinal  gruvel),  but  oocanionaUy,  though  rarely,  they  attain  the 
siie  of  a  hazel  nut.  ]Dt«8tinAl  concrotioni  aro  comparatively  frequent 
in  Scotland,  owing  to  the  large  use  made  of  oatmeal  porridge  as  an 
article  of  diet.  Such  calculi  present  the  appearance  of  brown  ball* 
and  resemble,  in  structure  and  compGaition,  calaili  which  are  very 

'  Hopp».;{qrl*r,  'U«b>r  (hihnuis  dor  CalltiloM  vaA  BUdann  no  MMhsn  and 
Kobloatiura.'  y.Hwh.  f.  fkf».  CkemU,  Vol.  s.  JU86),  p.  UUl  Ma,  ud  ml  401—440, 

dma  LaaoDif  ini  IHrnKKtwl.'  Z4iUth.  /.  ««(..  T»l.  EX.  (1W4),  pp.  (9~1S4. 

*  II«niMb«T(|  and  Stohm*nn,  'OtHF  di*  BMliDCitBg  dw  CMltilot^Otreag  fSr  dfo 
Emlhran*  dot  Thten.'  y.*iUek.  f.  Biol.,  Vol.  ui.  (laHS).  pp.  0ia— Ct4. 

*  Hain«r,  *t;«)>iir  tuuiitoniil*  PtniMoU  nnd  ihra  Wlrkanipnt  Ao.,'  Joum.  f.  prakt. 
Ckemie.  To),  x.  (1^74).  p.  I.    MaW't  Jaknabtr„  ToL  n.  (I9T&).  pp.  MS— 174. 

*  XddIuIi  wa  }to(s  4  on  pfMMtoi  Mtte. 

*  BofS.  nt(««i»«r.  4.  trim.  iAadTdT »*(».,  VoL  an.  (IMt).  f.  TU. 

*  In  pnpftring  tUi  Ill4ica  lb*  Aolbor  hu  mad*  ua*  ol  Iba  mooubI  ititaa  «iid«t 
ill*  bnding  '  D*miMa«rM»aat* '  al  pa««  174  «l  Prataaaof  Kul  D.  BofBAiia'a  /,i«Mw«A 
dtf  Zbafkrmt4.  \Tiso.  IfllV,  u  wall  u  of  lbs  Ultamaltoa  «oiilslaad  in  Hoppc-SajlOT'* 
PAy*i«{0yueA«  CktmU.  ntidar  Uw  baading  > DKnaasMMBMoSa'  (va  p.  SSC  rr  ■«(.}. 
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frequently  met  with  in  millers'  hunes  and  which,  in  the  latter,  often 
att«in  aa  enormous  size. 

IntestinAl  concrelions  in  man  have  oflieti  been  found  to  contain 
some  forei}^  bndy  as  a  qucIouk,  as  for  example  a  fniit  Htone,  Bomc< 
timea  fmgineiits  of  boue,  of  irou,  or  horn,  which  have  been  ood* 
dentally  swallowed  (Hoppe-Seyler).  The  mineral  salts  which  form 
the  gi'cater  part  of,  or  which  occur  as  an  incrustation  around,  in- 
TeMiual  calculi  arc  composed  either  of  pure  crystalline  auiuioniaco- 
magnesium  phospbato,  or  of  this  salt  mixed  with  varying  quantitiea 
of  luaguesiuni  phosphate. 

In  certain  intestinal  concretions  of  the  horse,  the  amount  of 
tiiple  phoBphale  has  been  found  to  vary  bulweeu  83"2  and  98-3  per 
cent.,  and  silica  has  been  found  to  the  amount  of '>'2  per  oenU 

Balxtwlls  ^"  certain  animals,  as  the  pig,  the  ox,  the  goat  and 

the  chamois.  Intestinal  coacretions  are  met  with,  which 

are  composed  entirely  of  felted   hairs  and  which  take  their  origin  in 

the  hiibit  of  these  auiuials  to  lick  their  owu  coats  or  those   of  their 

assofinte.t. 

ori«Dtai  Oriental  hezoars  are  intestinal  concretions  probably 

^*'*'*"  derived    from    Copra   cegaffrtis  and   Antelope    dorioi; 

they  are  for  the  most  part  spnericol  or  oval,  poasose  a  dark  olive- 

green  colour,  and  liave  a  smooth,  waxy,  shining  exterior.     They  vary 

greatly  in  size.     When  heated,  true  bezoars  evolve  aromatic  fumes. 

True  bezoara  are  composicd  almost  entirely  of  an 
acid  oallf^d  lithofellic  acid  which  waa  first  invosti^ted 
by  EttLing  and  Will  and  to  which  tlioy  asmgncd  the 
fonnula  C'^jH^O^  Lithufollic  acid  is  extracted  from 
bezoars  by  powdering  and  treating  with  boiling  alcohol. 
On  evaporating  the  alcoholic  solution,  tho  latier  deposits  amaU 
colourless  crystals  which  are  either  pointed  rhombohedra  or  Lhroe- 
sided  prisms.  Lithofellic  acid  is  inttoluble  in  water,  and  very 
sparingly  soluble  in  ether.  It  is  aoluble  iu  glacial  acetic  acid  which 
deposits  it  iu  a  crystalline  condition  oil  evaporation.  Lithofellic  acid 
18,  according  to  Hoppo-Seylor,  closely  related  to  choUlic  acid. 

The  green  colour  of  bezoars  ia  due  to  biliverdin ;  these  mysterious 
concretions  contain  other  derivatives  of  bilirubin  (Hoppe-Seylor). 

rftiM  &»•  Intestinal  concrelions,  also  called  bf^soars,  come  from 

"**J*  SjSf"  ^^^  east,  which  are  of  a  brownish  blaclt  colour,  which  do 
I*"!"*-  QQf  melt,  and  which  are  composed  of  ellagic  acid 
(CiiH„0«  +  2H,0),  a  derivative  of  tannin.  Ellagic  acid  is  found 
iu  naU  bark.  When  pure,  it  is  n  yellow  crptalline  powder  which, 
uQilt-r  the  microscope,  is  seeu  to  be  composed  of  yellow  prisma  oc> 
curriug  singly  or  in  groups.  It  is  soKihIo  in  boiling  alcohol.  Ferric 
chloride  produces  a  deep  blue  precipitate.  The  vUa^c  acid  i>f 
bezoars  is  doubtl^^ss  derived  from  the  tanoiu  contained  in  the  (t>oi 
consumed  by  the  animals  which  yield  them. 


UcnoreUlQ 
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CHAPTER  Xm. 

CONCERNTNG  THE  MODIHCATIONS  OBSERVED  IN  THE 
CHEMICAL  PKOCESSKS  OF  DKJESTION  IN  SOME  DIVI- 
SIONS OF  THE  ANIMAL  KiyODOM. 

Thg  rceearchos  wbich  have  of  receni  years  been  mode  by  fiucli 
distiogtiished  observers  as  the  lam&DU^I  PivfoKSor  Krukonbcrj;,  Pro- 
liBMOr  MtitHchaikofF  and  utbcr»,  od  the  process  of  Jixi^liuQ  thruugbuut 
the  auiiual  kiugdom  have  been  bu  numerous  oud  so  specialised  tUat 
it  fruuid  be  hopeless  to  K>ve  their  results  in  detail  without  unduly 
ext«udiug  the  limita  uf  tnis  w»rlc.  The  fotlowing  brief  notes  may, 
however,  prove  useful  to  the  studeat  of  cotuparative  physiology. 


Sect.  1.    The  In'tra-cel[A'i.ab  Diokstiov  or  the  Lower 

IXVBBTCBRATA. 

Id  cOTtain  elecHmtajy  animal  fornw,  each  particle  of  their  structure 
IMBscMoe  the  Htmo  uutritive  oudovmcoti  as  its  foUowa,  and  there  is 
no  diffrreiitiation  of  celU  sec  apart  to  discharge  tho9«.  ch^micnl 
functions  which  we  term  digutiv*,  and  which  oonsint  ««8ontially  in 
the  AecretioD  of  a  juice  or  juices,  whose  AinctioD  it  is  to  reudor  the 
food  constituents  soluble  and  diffusible,  so  that  tbcee  can  iziAke  their 
way  into  the  interior  of  thv  organism  and  loplace  the  matter  which 
tho  luttt^r  is  ceoAckssly  losing.  In  the  lower  organisms  to  which  we 
refer,  digvsl'ma  is  luud  to  he  -intra-ceUutar. 

The  simplest  and,  in  many  reopects,  the  most  typical  example  of 
intra-celliilar  digeotinn  w  that  presented  by  certain  Rhizopods.  which 
coDMst  Bflsentially  of  a  mass  of  living  contractile,  somewhjit  granular, 
protoplfuim  with  a  nucleus.  The  e&rlier  knowledge  of  the  phenomena 
oiwociAted  with  the  iugestion  and  digestion  of  food  Dy  tbo«e  uniccllukr 
orgujiisms  rests  on  the  observatiotis  of  Sujardin,  KmUker.  Carter, 
Uaeckel,  De  Bary  and  olhcn.  whilst  we  owe  tho  most  rvcont,  com* 
plele,  and  interesting  facts  rcliitiug  io  these  prtvoesses,  as  they  caa  be 
obaarred  to  AmeAa  proteut  and  Actittotphferrium,  to  the  investiga- 
tioQB  of  Hiss  Greenwood',  to  some  of  whose  results  the  attention  of 

>  U.  CiNSDwood,  •  Ob  Iba  DlpMlv*  Proc—  ta  Mua  RblMmoda.'  (Fnm  Ifae  Phjiio> 
logiesl  UbenbQt7,  Cuabrito).  Jvmnal  vf  f  A|i>f»bfr.  Voi.  ru.  (18«B— laSO).  ya.  »■ 
—471.  BsiUm  tMoidinR  tb»  laralu  <■(  bar  a«n  obMnrmtkin.  UW  OwiTOoJ  bu  in 
lUs  papar  ghn  so  SMOODt  of  tiw  Milki  Ittantsifl  of  Um  anbiMt. 
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the  reader  will  now  be  drawn.  WUen  an  Amoeba  is  observed  id 
active  luovemeQt,  it  is  seen  to  b«  progresaioj;  in  one  direction,  "  so 
tliat  a  fairly  cnii.stant  hind  end  itiBV  be  dlstitiguisliud.  and  in  fcbis 
orffaoiam  it  is  the  hind  end  which  most  actively  ingMts.  The 
ectftsarc  is  drawn  like  a  funnel  rniind  the  prey,  and  the  opening 
which  corroapondR  to  the  mouth  of  the  fimnel  is  ex-centrically  closecL 
In  the  case  of  quiescent  solid  matter,  such  as  starch  grains  or  Torula*, 
but  little  fluid  is  included  ;  when,  however,  rni  actively  moving  prey 
is  diitilt  with,  an  area  uf  water  uut  iuconstderablc  surrounds  it.  The 
ectosarc  of  two  enclosing  psoudopodia  lirst  fuses  diKtally  of  the 
object  and  leaves  a  space  in  which  movement  goes  on— a  space  only 

fradually  rodiieed,  and  never  done  away  with  by  complete  incluaion." 
ome  <»f  the  lateral  pseudopodia  of  Am<Bba  protcus  may  exercise 
prehenailt-  fuuction,  but  ingestion  at  the  most  anterior  and  most 
actively  moving  part  never  occurs.  The  length  of  tirao  occupied  by 
this  act  of  ingestion  varies  greatly  in  different  protozoa,  but  in 
Amffiha  im  comparatively  abort  though  variable.  '  Contact  may  be 
pstablishal  and  brolcen  many  time*  with  no  result,  but  detenniDate 
iugestioD  is  a  matter  of  minutes  mtlier  than  hours.'  In  studying  the 
digestive  piocesaes  of  the  Amteba  and  Actinosphierium,  Miss  Green- 
wood supplied  the  crcalurua  with  various  kinds  of  solid  particles,  viz. 
with  (a)  gtarch  grains  and  ceIluloai>;  (b)  fat  globules  (milk);  (c) 
oreuusms  in  which  &  protoplasmic  body  is  surrounded  by  a  cellulone 
wall;  (d)  unshielded  proteid  chie%  m  tlie  form  of  amaJl  animals 
without  tests;  («)  presumedly  innutritioua  matter,  such  as  litmus. 
Of  these  substances,  the  following  appeared  useles-s  to  the  Aniuiba 
for  purposes  of  nutrition :  the  fat,  Ihu  pure  carbohydrates  and  the 
litmus.  If  we  take,  a*  au  example  of  these,  st^irch  grains,  we  tind 
that  after  a  ntny  of  aomc  days  they  arc  ejected  unaltered  in  form,  iu 
size,  and  ia  their  reaction  towarJs  iodine.  It  wha  mentioned  that 
when  solid  bodies  are  ingested  by  an  Amoeba,  after  their  encloaiire  a 
space  (vacuole)  containing  wmn  water  is  seen  surrounding  theio. 
if  the  body  be  one  which  the  creature  cannot  digest,  this  water  soon 
diaappe^LTA,  and  in  not  replaced  by  any  newly  secreted  liquid,  i.e.  the 
vacuoie  ceawja  to  exist.  When,  however,  either  naked  or  '  shielded  * 
protoplasmic  food  is  ingested  by  the  Anifeba,  ita  prcscnoc  seems  to 
act  as  a  stimulux  to  the  secretion  of  a  liquid  which  siirTOunds  tlie 
matter  to  be  acted  upon,  which  may  then  be  siud  to  occupy  '  a 
vaouoliB  uf  digeaticin.' 

That  the  liquid  which  is  poured  out  into  a  digdsCiv«  vacuole 
nmst  actually  exert  a  obeinieal  action  upon  protoplasmic  bodies 
might  be  held  to  l>e  proved  by  the  fact  that  the  latter  may  be 
actually  seen  to  diHintegrate  an  it  surrounds  them.  A  couclnglve 
proof  is.  however,  afforded  by  the  digestion  of  orgauism*  poaseased  of 
a  cellulose  wall;  the  latter  is  neither  dissolved  uor  perforated,  and 
yet  its  oonteota  are  digested,  a  reault  which  is  only  e:q)licable  on  the 
supposition  that  an  iictive  digestive  liquid  b&s  b«eD  able  to  ditfuse 
through  the  cellular  wall  and  then  exert  its  sol  rent  aetioa. 
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EogelmsDD  believed  that  he  had  obtained  erideDce  that  an  acid 
[reactioo  is  developed  io  InAtwria  and  some  species  ot'  AmcebiB 
durioK  digestive  activity,  and  Meissner  oud  Favro-Domergue  are 
ftoid  by  NciiTaei»ter  to  have  obtained  similar  results'.  On  the  other 
blind  Mild  Grocnwoud  vras  unable  by  means  of  moUnrl-Tiolct  and 
trap*i»liii.  to  dtjtt'niiiuo  the  presence  of  an  acid  reaction  either  in 
Amoeba  or  in  Act  iuoHpli  atrium. 

The  ubaervatiuns  of  MetBcbnikoflT*  on  the  power  pcssesHed  by  the 
«otourlMs  corpuwlcfl  of  the  blood  to  seize  and  disiotegrate  bacteria 
and  an  which  he  founded  bin  view  of  their  function  as  phagocytes 
bear  the  closest  resemblance  to  tho«e  which  we  have  been  discussing. 
Without  fiirtlier  dwelling  upon  these,  however,  attention  must  be 
dnwD  to  the  fact  that  UotdchDikoff,  Ray  X^nkestcr*  and  other 
reliable  observers  ascribe  powers  of  intra-celluUr  digestion  to  the 
endodcrm  and  mesoderm  cells  of  «ome  comparatively  highly  dificreo- 
tiatcd  orgauisms,  provided  with  an  alimentary  cana]'. 

It  appears  to  be  a  general  law  that  a  specialised  digestira 
mechanLsm,  aasociat<--d  with  the  SL-cr«:tion  of  specific  digestive 
enzymes,  is  posseased  by  no  panuitie  creature  inhabiting  the  afimeo- 
tary  csnal  of  ito  host — n  law  of  which  examples  are  funiiflhed 
amungut  Protozoa  by  the  Gregariuie  and  aiuougat  Vermes  by  many 
Ceiitodes  and  by  the  AcantbocepbalL 

"Complete  degeneration  of  thn  gut  in  clearly  due  to  adaptations  to 
[^finite  inod««  of  life,  in  whicb  t)i»  food  jmuuim  thrauj[h  the  int^^maiit  by 
endonmoais.  This  plienoniRtion,  brouglit  about  by  paraaitaanii  attains  ite 
high«^l  t)tfvi!l(>]>titni*ut  ia  Uie  aporocyst  forms  of  the  Sematoda.  Finally 
the  a>;scnco  of  an  cnt«rie  eanal  is  tM  ml*  antonf;  thft  Cmtoda,  wlwr*  the 
entorou  is  not  present  for  a  liino  oven.  Tbc  oDboron  is  aJto<;ctfaor  wanting 
in  the  Aotnthooephali,  aad  for  the  same  reaaou— namely,  pararatiflm.*" 

That  these  parasitea  posaeaa  an  inter-cellular  digostion  ncums  to 
be  proved  by  their  iitoring  glycogen  (M.  Foster)  which  they  probably 
produce  at  the  expeoue  of  the  sugar  aud  the  soluble  protuids  which 
they  derive  from  their  hosts. 

If  we  eiolude  Rhizopoda,  Qregariiue  and   Infaaoria,  all  uon* 

*  V.  UelMMT.  'Bettriga  lor  EraKhrungcpliTilologie  der  PnUMcn,'  Xtiueh.  /. 
■  wiMMark.  ZootogU,  VoL  xltl.  <U88),  p.  198  aocl  PaTn-DatMntw)  lAmiaUi  Jea  Scirm** 

KattrrUt*.  Zoohgi*.  1688,  v.  140).  qtuAti  b;  Nmrncuter  (L^Vbwc*.  «t«.  p.  Jlfi). 

>  Eliu  UoUcbnikoS,  ■  C«ber  «e  B«>Uhaog  d«r  PhsgoqrUn  an  MUslwudbMllkn, ' 
Timfcown  Artkiv.  Vol.  irvu.  (IM4>,  pp. SOS— SM. 

*  BtLf  Ltnleatdi.  (fuarttrif  Jamrm.  «/  Mia.  SeUtu*,  Vol.  cxi.  p.  12ft.    Tim  Auibor 
'  bM  not  DMn  kbi*  to  Tvrify  tbc  qaoUticm. 

*  Tboa  UMacboll(«fl  MMita  thai  th«  mUi  ol  tba  •ododsm  of  UttMnmmm  sod  thoM 


of  iIm  iDModarB  of  ArnajMo  mmbm  laflaMtn  sad  AfMliv*  poww,  •■•  U.  Onaavoodi 

ofi.  tU.  p.  9ST  and  lletMhnikoB,  'Oebtf  di«  VanUnaagMiian*  miinr  Umwmmt- 
lorMlkrwA,'  Zoo/.  .tmtt(frr,  ISTS,  p.  887  uA  •  UalarMMfcBBgtn  flb*r  dl*  talmMlliilAtg 
Twdwiung  bM  wuteUnn  Thkrao.'  Arhtii  d.  noloy.  tmtu  in  Wlru.  TeL  v.  0*M>> 
Bsftl. 

*  Carl  OsMobwir.   Etrmewu  t^  Ctmfmti<n  Amuomf,  IraiuJalod   bj   Pivfawor 

F.  Jmllnj  Bdl.  U.A.    The  tnnuallon  mJMd  aod  a  prataca  written  hj  ProfMKW 

G.  Ray  Uokntar,  M.A..  F.B.S.  UndoB,  MamiUaa  aaJ  Co.,  1«78.  Usiar  to  pans 
IWandlfiV. 
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parasitic  animals  belonging  to  the  sub-kingdoms  abore  Protozoa 
possess  a  di0erentiftled  dii^eHttve  function,  ana,  with  few  exceptions. 
have  been  fouud  to  form  digestive  eni^tn«s. 

According  to  Knikeiiberg',  the  Hydro-medu8B  and  the  sea- 
Anemoucs.  although  possessed  of  differentiated  alimentft-ry  apparatus. 
form  no  secretion  possessed  of  digestive  propertiaB.  The  exteroal 
elimy  secretion  of  certain  of  tbose  creatures  in  some  coK-a  pouewea 
active  irritating  propertiL-».  and  appears  to  subserve  defensive  purposes, 
but  is  deetitute  of  digestive  eniymes.  ~ 

Sect  2.    The  kuschon  op  the  so-called  'Liveii'  op 

MoLLUSCA. 

TiiA  ruxetin  In  connection  witli  the  mid-giit  of  the  Mollusca  there 

oftbe  tnid  lut  is  developed,  by  the  tiaceiilation  of  the  enduderm,  n 
jiaaa-  OT  nver  Jobiilated  glandular  organ,  which  opens  into  theenteron. 
oi  nua.  jjjI^  organ,  which  has  usually  been  termed  by  compa- 
rative anatomists  the  liver  (souietimes  the  '  hepato-pancreas '),  und 
which  appeal^  to  be  the  mo)-pholo<'icaE  homologue  of  the  organ 
bearing  that  uumc  in  Vcrtebmtu,  disch&rma  functions  which  are 
altogether  unlike  these  of  the  liver.  It  is  destitute  of  either  of  the 
specific  products — bile-colouring  matters  and  bile-acids — which  are 
characteristic  of  the  decretory  activity  of  tlie  hepatic  cells ;  but  con- 
tains several  enzymes  which  confer  upon  it  powers  of  digesting  the 
various  groups  of  aliniontar}'  principles. 

From  the  reacarchcB  of  KrukuubL-rg'  it  result*  that  this  gland 
secreteii  a  diastatic,  a  fat-Kplitting  aod  either  a  pepsia-Uke  or  a 
trypsin-like  unzytne.  In  soma  molluRca  aa  in  Helix  pomatidt  which 
possess  an  acid  intestinal  digestion,  the  mid-gut  gland  Ibnns  a  ferment 
like  pepsin  but  secretes  ao  trypsin,  whilst  in  other  molluscs  no  pepsin 
is  present,  but  trypsin.  A.  B.  GriffithB*  has  compared  ihe  secretion  of 
the  iiver '  of  Cephalopoda  with  that  of  the  pancreas,  and  ba8  obt|lili«d 
results  which  prove  the  identity  of  function  m  so  farasthecreatureahe 
i&Tostigated  were  concerned.  In  Cephalopoda  the  secretion  is  alkA- 
line.  converts  starch  into  sugar,  emulsifies  fats,  and  dissolves  proteids. 

Though  not  discharging  the  functions  of  the  Liver  as  a  bile- 
secreting  gland,  it  is  conceivable  that  the  mid-gut  gland  of  Uollusca 
might  ftilfil  another  function  which  the  liver  of  vertebratea  pos- 
sesses— that  of  a  storer  of  reser^'e  material,  of  a  former  and  hoarder 
of  glycogen.  The  painstaking  researches  of  Levy*  have  shown,  how- 
ever, that  although  glycogen  is  a  constituent  of  the  gland,  it  is 

'  C.  Vt.  Vi.  Krukcnberg,  GrundtHgt  eintr  vfrgUiehmden  Phytlologit  in  KAttemav. 
HewlcIbctK  (Oftil  Wiutci),  1882. 

*  KmlcAnbcTK,  GrufuUiigi'.  cu.  pp.  Rfl  tuid  61. 

^  A.  B.  GrillUhn.  '  Clie[iii>wh-|!b.y5iol>nei»:)iB  Uni«niuchiing«ii  flbsr  ili«  C«phato4«n- 
L«b«r  anil  ibre  Identiial  cnit  einmi  tiiLlirtn  rankr^ai.'  fitj.  d.  druitrk.  «k#m.  UtteUtek. 
ToL  KTm.  (IMfi).  p.  3^4.  Thi»  is  o  «hoTt  nl)s»n<'l  nf  the  orJcinal  pKpei  in  Um 
Chemical  iWu'i,  \q\.  li.  u.  IGO,  which  the  Anthoi'  hiu  not  bod  bcmm  to. 

*  Max  Levy,  '  ZouuhcuiiHolie  Uutursuohiuutea  dor  UilteliUnndttbe  mo  BoUk 
iwrnntja,'  ZeiueLJ.  UiuUifu.  Vol.  xxv.  (ItWO),  p.  410. 
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present  in  BmaUei  proportion  than  in  the  other  organs.  He  disco- 
vered, however,  a  very  small  <iviaiinty  of  'sinUtrin,'  a  dextrin-like 
carbohydrate  first  described  by  Scbmiedeber^*  as  present  iu  the 
bulb  of  »quit]  (£/ryi'i«a  tcUla),  which  does  not  yield  a  sugar  when 
digested  with  diiutASc,  but  vhen  boiled  with  dilute  sulphuric  acid 
yields  )a-vulo»c  and  au  inactive  sugar. 

Sect.  3.    Soke  pbculiarities  or  toe  Digestive  Pboce.ss 

IN    FlSHBR. 

Id  fitihes,  the  salivary  glandii  are  either  abeent  or  nidtmentary, 
though  Knikenberg  found*  that  the  buccal  mucous  membrane  of  the 
carp  and  of  Lophivji  jnscatoriuv  secreted  a  fluid  ptesesed  of  diastatic 
activity.  The  stomach  secretes  a  very  active  gastric  juice  which  was 
Huppotted  (like  that  of  the  frog)  to  ouotaiu  a  pepsin  somewhat  differing 
from  that  of  warm-blooded  animaU,  in  that  it  possessed  digestive 
activity  at  a  temperature  of  0"  C*  Thu  experiments  of  Rrukcnberg 
and  of  Max.  Flaum*  hare  shewn,  however,  that  the  ability  to  effect 
proteolysis  at  0"  C.  ia  connected  with  the  preaeuce  of  a  Urge  quantity 
of  pepnin,  and  diws  not  imply  n  difference  between  tliu  pepsin  of 
warm-  and  cold-blooded  animals. 

The  striking  peculiarity  of  a  large  number  of  lishes  is  the  abtteuce 
of  a  definite  pattercos;  in  many  of  the.<)e  there  cxi.it.  however,  the 
so-called  apptndicet  pytcrkuf-,  caxal  tubes  comiecled  with  the  pyloric 
portion  of  the  mid-gut,  obviously  the  botnologuea  of  the  mi<l-gut 
gland  of  MotluKca,  and  discharging  the  same  function,  and  in  some 
nshes  so  held  together  by  connective  tissue  and  united  at  a  common 
efferent  duct  a?  lo  have  llie  appearance  of"  a  compact  gland*.  There 
are  tiaheti,  however,  in  which  both  pancreas  au<l  appendices  pyloriem  are 
nb»ent:  in  these  cases  the  muoons  membrane  of  the  mid-gut  necretvs  a 
juice  which  is  po»ewod  of  diastatic  and  protcolj-tic  (trypsin  )aGtivittea*. 

SSCT.  4.      SOUE   PECLXIARITICS  OF  THE   DinEffTlON   OF  BiRDK. 

"  In  the  fore-gut  of  Birds  th«ro  is  a  pout  division  of  labour.  The 
infiuence  of  adaptation  to  the  mode  of  lue,  and  more  especially  to  the 
mode  of  nutrition,  is  mo«tt  clearly  shewn  by  the  varutioos  in  the 
different  arrange  ments.  The  cssophagus.  which  is  of  the  same  length 
as  the  neck,  is  either  of  oqnat  calibre  along  its  whole  course,  or  is 

■  O.  BAairfsWg,  '  Vvbtr  tia  omm  K<dUMdijdnl.'  Zeimh.  i.  fhwt.  CIttm. 
Vol.  in.  Ml.  U»-18S. 

■  Kraunbsn  ep.  eil.  f.  S7. 

*  TUk  uhI  HnriMOT.  'tlalMr  Au  lIa«MibnnMil  kallUaU«n-  Tbbre.'  drt.  a.  it 
pkj/ttat.  1Mb.  rf.  Vartbmrfer  Uoclutkntt.  1879.  Ji.  181. 

*  UuimiUui  rUuDi,  'UotieT  d«D  BinduH  niodriKcr  TMnpormturon  mat  dia  Piui«- 
(IsMD  dM  Uataaa '  (Au  i.  {ili^ratoloH.  Intl.  d.  VairnwUt  Bvra).  ZtiUtK  f.  BitUgU, 
Un.  op.  489— UU. 

■  OsrabsuT.  «f.  elt.  a.  SCO. 

*  Bank  Blaunsrd.  'nrlMfnotioai  <!•«  kpouulMM  pTlorii]aia,'  Citmpirt  RmJm, 
Vol.  ion.  (lfia>.  p.  IML 
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proviJcd  vnth  a  widened  portioo,  or  with  a  cajcol  divorticalmn, 
which  loolu  like  ati  ap[ii:nilage.  Portions  of  tbiJi  kiu<l,  which  are 
characteiue4  by  modifications  of  the  glimdular  organs  of  the  mucous 
memlH^uie,  form  a  crop  (in^UmM).  This  is  best  developed  id  canit- 
rorons  and  graminivorous  bJrdii ;  in  the  former,  indeed,  tt  generally 
forms  a  spiudle-shnpt-d  enlargement,  while  in  the  latter  it  forma  Jb 
unilatoral  di  verticil  him,  wliich  h  differentiated  into  a  enseal  appendage, 
in  muuy  provided  witli  a  twirrow  coniicctiug  piece." 

"  The  next  portion  of  the  oesophagus,  w'hich  is  genemlly  narrower, 
posHcs  iutu  the  stumoch,  iu  which  two  di\'isiooB  can  he  made  out; 
the  tir»t  h  luiuwu  as  th<;  pruvejitriculiia* ;  its  walls  are  genemlly  tbicle- 
ened  by  a  glandular  layer.  The  second  is  characteriflvd  by  the  great 
development  of  Jts  muticular  layer,  the  streng^Lh  of  which  varies  with 
the  mode  of  life  of  the  animal.  Where  it  is  greatly  developed  wc  may 
obsenr'e  a  tendinon»  dUe  on  either  side.  Tn  the  Raptores,  as  at&o  iu 
many  Natatores  that  live  on  animal  food,  the  muscular  Uyer  is  feebly 
developed.  It  is  veiy  strong  in  the  graminivorous  Jbrms  (Gallium, 
AnatiniB,  Columbie,  Paaseres).  This  portion,  which  serves  for  the 
ComminutiuD  of  food,  and  coiupeu&ates  for  the  absence  of  masticatory 
organs,  may  be  provided  with  other  arrangements  also  which  serve  the 
same  purpose  ;  its  imier  surface  may  be  covered  by  a  firm  homy  layer. 
which  is  often  of  considerable  thick  ueas,  and  functions  as  a  raoutaV 

Pull  of  interest  as  are  the  processes  of  digestion  in  birds,  our 
knowledge  of  them  ia  derived  almost  entirely  from  the  writings  of 
the  great  naturalists  of  the  past,  and  is  in  very  few  particulars 
dependent  on  the  researches  of  the  moderns.  It  is  to  Borelli,  Redi. 
Spallanzaui,  Reaumur  aud  Johu  Hunter  lliat  we  are  mainly  indebted 
for  it 

Thanuetioii  This  diverticulum  of  the  cesophagus  exists  in   its 

of  the  'ingui-  most  perfectly-developed  form  in  graminivorous  binis. 
UBS,'  or  •env.'  The  grain  and  other  foi)d  which  these  birds  swaUow 
firnt  enters  the  crop,  which  becomes  distended  with  it,  and  which 
secretes  n  fluid  which  moistens  its  contents.  According  to  Ticdcniann 
and  timelin,  the  contents  of  the  crop  oflen  present  an  acid  rvactiuu. 

So  far  as  the  Author  is  aware,  no  modem  inveatigaiion  has  be^j 
made  with  the  object  of  determining  the  precise  chemical  chanu.-t«f« 
of  the  liquid  secretion  uf  the  crop,  and  specifically  to  ascertain 
whether  it  contains  any  digestive  enzymes.  The  sojourn  of  fooi!  in 
it  is  a  loug  cue,  though  it  vaiies  withiu  wide  limits.  Tiedem&aa  and 
OmO'lin  noticed  that  grains  swallowed  by  a  hen  remained  in  the 
crop  OS  loug  as  twelve  or  thirteen  hours,  and  Colin  found  oats  in  tha 
crop  of  a  turkey  eiyhtoeu  and  twenty  hours  after  ihey  bad  been  swal- 
lowed. According  to  the  hitter  author,  a  fowl  weighing  500  or  600 
grms.  rei^uires  from  four  to  six  hours  before  10  grms.  of  graius  have 
passed  out  of  the  crop. 

■  Dntgnat^d  ofUD  '  vGutriouliusaooentiauloa.' 

'  Gegenbanr.  t'ompanUet  Jnalom§,  pp.  M7  kud  £M. 
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Id  the  nbnenoe  of  specific  informatioD  od  this  point,  it  is  impos- 
ubie  to  state  definitely  whether  the  licjuid  secretea  by  the  crop  sub- 
Bcnres  other  than  purely  mechanical  fuDCtiomi.  In  any  case,  it  caunot 
be  doubted  that  the  latter  are  of  ihe  f^reatest  imjHirtauoe.  Ttie 
fact  that  graiDS  of  wheat,  oats,  or  barley,  which  have  anjourneil 
in  the  crop  are  not  uaii&lly  softened,  renders  it  improbable  that  they 
there  undertro  any  grvut  chemical  chaugo.  On  the  other  hand,  there 
can  be  no  uoubt  that,  as  was  appreclatod  bv  Spallaaz&ni,  the  crop 
acU  OS  a  kind  of  '  hopper,'  only  allowing  grain  to  pass  into  the  pi-o- 
ventrviulu*  little  by  little,  as  the  contents  of  the  latter  (grains  and 
gastric  Juice)  are  admitted  into  the  powerful  cotn-milt — the  yiizaad 
— wheru  they  are  pounded  together  and  oonverted  into  a  liquii)  pailn 
which  is  poesed  on  to  the  small  intestines. 

Before  passing  from  thi.*  Hubjeet,  attention  miiitt  be  drawn  to  the 
weJI-known  &ct,  studied  in  a  special  manner  by  John-  Hunter'  and 
Duvemoy*,  but  deserving  of  a  hiBtological  and  chemical  research  con- 
dacted  from  the  staod-putnt  of  our  present  ktiowledge,  riz.  tliAt  in  tbe 
pigeon,  and  doubtlenothtjr  birds,  th«  crop  uudergOM  a  change  both  in 
tbe  m&le  and  female  bird,  during  tho  incubation  of  the  young,  and  for 
some  weeks  afterwards.  Its  mucous  mt^uibrano  becumes  very  vascuhir 
and  hypcrtrophied,  preeenting  marked  folds  and  wrinkles.  A  milky 
liquid  in  poured  out  from  the  open  mouths  of  the  glands  and  accu- 
mulates in  tbe  cavity  of  the  crop.  It  is  said  that  this  milky  liquid 
can  be  regurgitated,  and  serves  as  tbe  sole  food  of  the  young  pige<jns 
during  the  1ir«t  day*  of  their  life'. 

It  is  in  the  provcntriculus  that  arc  situated  the 
glandK  which  secrete  the  gastric  jutoj.  This  fluid  was 
first  collected  by  Spallanxanl  and  K^umur,  and  aflor- 
wards  examined  by  Tiedemaan  and  Cimelin.  Theae 
obftervers  found  the  reaction  of  the  juice  add.  discovered  that  it  cod- 
toiiied  bydrochliuic  acid  and  that  it  po— eased  the  property  of  curdling 
milk.  It  appean  certain  that  it  is  only  in  the  gizzard  that  actual 
action  of  the  gastric  juioe  on  the  food  takes  place,  its  sojourn  in  the 
proveotriculus  being  V4>ry  short  and  iu  mechanical  state  opposing 
Itself  to  a  proper  digestive  action. 

The  ftmcClon  oC  the  muticular  division  of  the  Btomach  (the  mz- 
zard)  baa  been  sufficivutU-  explained  iu  thu  abuve  remarks  as  welt  as 
iu  oonoectiou  with  the  mechanical  fuoctioD  of  the  crop. 


futcUoo  of 
Hit  pivTM&trt- 
mliu  sad  (Is- 
ard. 


SBCT.  5.      UlOUSTlOS'  IN  THK   HeRHIVORjI. 

The  first  thing  which  atnk««  us  id  comparing  tbe  organs  of  diges- 
tion of  herbivorous  as  coutrast«d  witJi  camivonnis  and  omnivuruus 


*  Jotin  HnnUT,  'On  ■  Morvtion  in  Uw  «rop  of  lNMiUa«  piMco*  Cm  tlw  aonriilinMat 
of  Ibcir  yooBg,'  Ottmatiom mt  efftaim  man*  of  tht  dnimat  (gwww.  Loodoo.  Satl  td. 

ITM,  pp.  su-saa. 

■  Oaym»j.  w*  hit  tdittou  «(  Canar't  i>f<fw  jrAimi*mi4  Ctmfartt,  >■•  MiU, 
Puit,  ins, 
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animals  is,  Brstly,  the  much  ereutor  length  of  their  altmeatary  canal ; 
secomily,  its  enormous  capacity. 

Firstly,  as  to  Icojertb.  Whilst  the  ratio  of  the  length  of  the  ali- 
mentary  canal  of  caraivora  ta  to  that  of  their  body  approxiinately  as 
4  :  1,  and  of  man  as  6  :  1,  in  the  sheep  the  ratio  is  ae  S8  :  1,  and  in 
the  large  ruiniaauta  as  20 — 15  :  V. 

Secondly,  as  to  capacity.  All  ammals  whose  food  contains  a  larae 
prupuriion  of  cvIIuIuse:  puweos  an  alimentary  canal  of  remarkable 
eapaeily, 

W'e  may  form  some  idea  of  this  fact  by  ascertaining  the  weight  of 
the  iutustinal  contents.  Thns  in  the  rabbit  immediately  after  it  has 
been  fed,  the  contents  of  the  stomach  may  weigh  as  much  sa  one- 
tenth  of  the  total  weight  of  the  body.  The  eubjoinod  table,  which 
exhibits  a  few  of  the  data  ascertained  by  Colin  ou  this  subject,  ehuws 
clearly,  Brstlv,  the  immenso  capacity  of  the  whole  alimeutary  csuial 
in  some  herbivura;  sucondly,  the  relatively  small  capacity  of  the 
stomach  in  Soliduugula  (the  horse)  s£  compared  with  Kuminants: 
thirdly,  the  remarkable  capacity  of  the  targe  intestine,  both  in 
Soliduugula  and  Ruminants,  and  its  much  larger  capacity  in  the 
former  than  tiie  latter. 


TABLE  EXHIBITING  THE  RELATIVE  WEIGHTS  OF  THE  CONTENTS 
OP  THE  STOMACH  AND  INTESTISES  IN  THE  H0B8E,  BUIX.  COW 
AND  RAM  (ABRIDaED  FBOM  COLIN]). 


Weight  of 
OantenU 

of 
BtouiMk 

Weight  o( 
CoDt«nta 

of  SniAU 
IstMtiiie 

Weight  of 
Conlent« 

of 
Cwoum 

Weight  of 

ConleDia 

of 

Colon 

Total 
Wed^i  of 
ConloiUbf 
IntMti&ea 

Total 

Wei«hlo[ 

CoaWnu  tt 

SioBuefa 

■nd 
lat«MiiMi 

Hon* 

kilo* 
S-000 

kilo- 
7-500 

kilOA 

u-ooo 

kilM 
36-200 

kilai 

5i-;oo 

kUos 
B9-700 

BbU 

»8'00O 

11-J>00 

I'OOO 

8-500 

ai-ooo 

119-000 

Cow 

67-000 

6000 

0-300 

3-700 

10-000 

77-000 

Ram 

7-300 

I -600 

6-800 

The  great  capacity  of  the  alimentary  canal  of  herbivores  is  related 
to  the  fact  of  their  food  containing  a  large  proportion  of  uodigestible 
cellulose,  so  that  the  bulk  and  weight  of  the  food  which  the  animal 
must  daily  consume  in  order  to  obtain  from  it  the  albuminous,  starchy. 
and  fatty  coustitii«ntA  which  are  essential  to  its  maintenance  is  rerr 

'  C.  A-  E<Mild,  Dit  l.ihTt  von  drr  Vfrdautaig.  tte.  Berlin,  187S,  p.  SS, 

■  GaliQ,  Train  dt  Pltj/tiologU  Cotajtarit  de*  JniMiouz.     Puu,  ISM  (>ee  p.  900). 
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larfje;  moreover  vcrj*  large  <juimtitic»  of  solivo  are  secreted  and 
addeil  to  the  dry  food  wbich  ts  swallowed,  We  may  assume  that  a 
horie  of  average  Biz«  and  weight  will  refiire,  in  order  to  keep  in  a 
Htalc  of  uutritive  eqiiilibriuui,  about  la  kilu.  of  bay  and  2'27  kilo,  of 
oats,  or  if  fed  od  bay  alone  at  least  10  kilo.  (22  Iba.);  according 
to  Colin's  calculatioDB,  the  soliTa  secreted  by  a  horse  duriog  the 
maftticatioD  of  a  meal  of  4  kila  of  hay  arauiinta  to  16  kilo,  eo  thai 
the  daily  food  would,  on  this  Riippoeition.  require  40  kilo,  of  saliva; 
in  other  words,  the  totul  weight  of  dry  food  and  saliva  entering 
the  stomach  during  twenty-four  hours  would  be  50  kilo.  But  to 
this  we  must  add  a  quantity  of  water  dniuk,  which  caonot  be  esti- 
mated at  Icsa  thau  10  litn;6,  so  that  the  total  ingeata  mixed  with 
saliva  entering  the  stomach  of  the  horse  may  be  estimated  as 
weighinir  about  GO  kilo,  or  182  lbs.  per  diom.  When  vtt  reflect, 
furtlier,  on  the  bulk  occupied  by  a  quaotjty  of  hay  weighing  22  lbs., 
we  shall  have  an  adequate  explanation  of  the  capacity  of  the  alimon- 
tary  canal  uf  thi^  hone.  Taking  now  the  oase  of  the  ox,  we  may 
calculate  that  if  fed  upon  hay  alone  it  would  coosume,  on  ao  average, 
ttlKiut  15  kilo.  (33  lbs.),  with  which  would  be  mixed  6i)  kilo  (132  lbs) 
of  saliva  and  ^m  15  to  2i  litres  of  water,  so  that  from  £K)  to  100 
kila  of  matter  would  enter  the  rumen  per  diem. 

'The  stomach  of  the  horse  is  romorkable  for  its  small  size  both  in 
relation  to  the  rest  of  the  alimentary  caoal  and  to  the  large  amount 
of  food  which  the  animal  consumes.  Thus  while  the  sLomach  of  a 
large  dug  may  havu  a  cajMcity  uf  6  litrt-s,  that  of  a  hopK;  may  nut 
contain  more  than  from  10  to  18  litres*.'  The  comparative  small- 
newt  of  the  stomach  is  connected  with  the  fact  that  when  the 
food  consumed  is  hay  or  straw,  its  stay  in  the  stf-mach  ta,  for  the 
mott  part,  a  short  one.  In  the  horee,  aa  in  other  herbivoroun  animals, 
under  Dormal  conditiouH  the  stomach  at  the  commuuoement  ol  a 
meal  uauolly  contains  considerable  quantities  of  undigested  reddaes 
of  pa'vious  meola.  The  newly  ingested  food  partly  toroes  out  uf  the 
stomach  some  of  the  residuaJ  food  which  it  contained,  aud  purtly 
becomes  mixed  with  another  portion  of  the  residue.  From  the  very 
coiuuieucemeut  of  the  meal,  however,  some  of  the  contents  of  the 
stomach  pass  through  the  pylorus  into  the  duodenum.  The  quantity 
escaping  docs  not,  bowuvur,  equal  that  which  outers,  so  tbat  tbo 
atouacb  gradually  becomes  distended.  When  a  cortatu  point  is 
reached,  however,  t^e  quantity  admitted  into  the  stotoach  is  balaoccd 
by  the  quantity  leaving  it,  so  that  the  volume  of  the  organ  remaiua 
the  same  as  long  as  the  animal  continues  to  eat.  The  meal  finished, 
the  paange  of  the  contents  of  the  sloioach  into  the  duodenum 
becomes  materially  slower,  and  it  is  only  after  many  hours  tbat  the 
stomach  can  empty  iuelf.  When  the  aliment  consumed  is  composed 
of  oatB,  the  process  of  gaatrio  digestion  is  one  which  InHU  hmgtT,  and 
which  more  nearly  approaches  (hat  which  goea  oa  in  the  stomach  uf 
Ulan  or  the  caraivora. 

>  J.  0.  UelUodrtek,  4  Tnt-ba*k  ^FkftMegg.  1W9,  sss  VoL  O.  p.  M. 


418 


DIOESTIOK    t<!   RGRBn'ORA. 


[book  II. 


The  rapid  passage  of  the  solid  nutric  contents  of  the  home  into 
the  intestine  bus  been  determined  ootli  by  Tietlcmaun  and  Gtuellu 
and  by  Colin ;  these  observers  httving  odmiuisUtrod  foreign  bodies  to 
horeee  fouod  them  (uoless  their  size  was  too  gretit)  m  the  intcstioe 
an  hour  or  an  hour  and  a-half  aftorwards.  It  is  by  the  short  contact 
with  the  gastric  juice  that  Coliu  explains  the  fact  that  pieoea  of 
meal,  oysters,  &.c.,  adtiiiiiisttired  to  horses  are  usually  found  to  pass 
undigested  iutu  tlie  iatostiDe, 

Amongst  the  phenomeaa  conuecled  with  the  alimcntarj-  canal  of 
the  horse  which  d«aerve  to  be  mentioned,  is  the  remarkable  rapidity 
with  which  water  passes  out  of  the  Ktomach  in  this  animal  aoa 
is  couveyed  towarda  and  into  the  immensely  capiuiious  oecum, 
where  tlie  absorption  of  water,  and  probably  of  soluble  products  of 
digestion,  appears  to  have  ita  chief  seat.  By  ailding  ferrocyanidc  of 
potassium  to  the  water  drunk  by  horses.  Colin  round  it  iu  ten 
minutes  in  the  ileum,  at  n  distance  of  20  metres  from  the  gtomach, 
though  a  somewhat  Ioniser  time  waa  needed  before  it  entered  the 
c-ecum.  To  the  pnicesses  which  have  their  seat  in  the  ciecum  of 
the  aoliduugiila  we  ithall  refer  when  dificusMug  tbc  chaugtis  which 
celliiloBe  undergoes  in  the  alimeulary  caual  of  the  Herbivora  gene- 

'  Th«  atomnoh  of  runnnonU,  nunli  ai  the  ox,  aheop,  goat, 

deer,  chnmois,  elk,  camel,  dromeddry,  giraflo,  Ac. ooa* 

siHtH  of  four  fracs — (d)  the  paunch  or  rumen,  (£)  tbe  rcticw- 
lutn,  (c)  tlie  pgaltcriutn  or  cmatttvt,  and  {tl}  the  abomatum  or  tnio  stomach. 
Tbe  paunch  is  a  sac  of  tmoriuous  capacity,  in  the  ox  capable  of  containing 
100  litres,  and  in  the  nlieep  4  to  6  lilreK.  Tbe  iducouk  membnuio  ih 
cov<Tf.-d  withpoiatad  pitpillie  from  3  to  9  mm.  in  tcn|(lii,  and  the  «pith*?lial 
Layer  is  of  the  Bbratififtd  eqiukmuus  vDnuty.  Thu  pBimcli  cotnmQaiGaLw 
with  the  lower  end  of  the  cesophagUB  and  also  with  the  retieiUutn.  Thv 
piitinch  nnd  rfrtictilutn  urc  divided  by  a  eoustrtction  and  strong  band  of 

fibres    ham   the    pHnltcrium    and    alramiuum Th«    rctuaUum    has  a 

capacity  in  the  ox  of  2  litres,  and  in  the  shcL-p  of  02  litre.  It  shewa,  as 
ita  nant'R  irtdicatoK,  a  boneycomUike  appearauL-e,  or  raticulum,  each  crll  of 
which  iH  [Kilyhcdral.  The  height  of  thu  wulla  of  tbtioe  cnritiaa  may  be 
from  10  to  IG  mm.  Its  muscular  coat  is  iil.rongicr  tliaii  that  of  tJie  paunch, 
and  cotisUts  mainly  of  striated  muscle,  the  fibrra  of  which  are  continuoiM 
with  thoBO  u£  the  oM-jpIiu^us.  The  walls  of  the  njtiouW  spai:«a  ulso  con- 
tain muscular  fibres.  The  wall  of  llie  rct-icuhtm  can  tliUH  contract  more 
powerfutly  and  speedily  tlian  that  of  the  paunch.  Fius  [mpillK  abouini, 
and  thu  whole  mucous  menibrane  is  covered  with  stratified  E<]iiainou«  epi- 
thelium. The  ffticulum  haa  three  op«iungs — ^i  Iar|(e  one  towarda  uie 
paunch,  a  narrower  one  towards  the  pxaltenum,  and  »  third  which  com- 
municatca  with  the  (esopha^s,  At  the  opening  into  the  pealterium,  wo 
Hud  a  sphincter  surrounding  an  ajiertui-e  nai-rawed  by  rugte  or  folds,  or  by 
papUlie,  so  that  mattpn;  entering  iiilo  the  pHidteriiiin  fh>in  t1i»  rsticalam 
piuu  through  a  kind  of  'perforated  jmrtiLion.'  Tha  psallgrium  or<MiUMHn 
has  a  thin  wall,  and  liaa  two  oiiouinga,  one  into  the  reticulum^  already 
alluded  to,  and  the  otberv  in  the  true  nioinach  or  ahoniatum.     The  mucous 
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UMabraae  of  this  cavitjr  U  fcbrowxi  into  the  farm  of  h  nuntber  of  Icares, 
projeoUiig  £■»■  iiiUi  the  liinien  of  thfi  anc,  and  these  ftre  covorcKl  with  idnaJ] 
buttoQ-ftliupod  v*piUw,  ftod  hy  »  Iftvor  of  itmtificd  pavomcDt  Apitbolium. 
TluA  SBC  hka  in  iu  watla  inroluntorj-  inuscQlar  litirca  forming  strong  longi- 
tudinal And  ciroukr  layon.  A  iaynr  of  libraK  aUo  eusta  in  the  centre  of 
McH  leaf  or  fnEd,  in  kilditian  to  u  (.  museularu  mueota.  Tha  >tmctur«  of 
the  nbotmuuin  or  tru«  stomuch  U  like  tluit  dmcribod  as  cbaraotorming  tli<< 
atomach  of  man  or  the  dog ;  it  cov  tains  glantla  of  the  fandtu  and  glands  of 
the  pyloran,  and  the  mneoua  membt&nA  iit  covered  by  ovlindrical  «pitheliam. 
'The  lotrcT  end  of  the  (raopbafpu  opens  into  the  puunch,  but  at  the 
Wt  side  a  deep  grooTe  runs  nlong  the  inner  wall  of  the  reticulum,  from 
the  entrance  of  the  aMopIitigiiH  into  the  |inunoh  to  the  entrance  of  tJie 
teticuluu)  into  the  pnalterium.  Tliis  mar  he  called  aa  osMpbagiml  canal 
or  groovv.  To  understand  iu  true  relations  we  may  r«gard  Lh«  |»uncb 
and  the  reticulum  as  diverticula,  or  saos  developed  from  the  lotoer  wait  of 
the  (KBOplioj^iu,  and  tbi;  psaltonum  as  a  diverticulum  from  tlie  uppvr  wall, 
atipponiiig  the  animal  to  be  on  all  foon  in  its  normiU  position.  Wc  arc 
now  in  a  position  to  understand  rumination  '.' 

The  fiotid  matters  of  the  food,  which  have  been 
subjected  to  the  first  or  preliratDarr  masticatioD.  toge- 
ther with  nearly  the  whole  of  the  lu|iiirlfl  (wUiva  unJ 
v&ter),  pass,  after  deglutition,  into  the  r^icututn,  which  is  the  real 
centre  of  the  group  or  cavities  which  constitute  the  gastric  apparatus 
of  the  rumiuunl.  Id  virtuf  of  ite  central  positiou  aud  of  its  power- 
fully muscular  walls,  the  reticulum  can  divert  the  matter  which  flows 
into  it  either  towards  the  right,  into  the  rumcD,  of  which  it  forms  a 
prelimioarvohamber,  or  towards  the  left,  into  the  psait^ritim  and  trw 
ttcmoeh.  The  reticulum,  iu  fact,  iu  »o  far  »  the  products  of  the  Brst 
mastication  are  concerned,  serves  as  a.  dntributor  of  its  pnnlucts ;  in 
its  cavity  it  Htnres  only  a  certain  part  of  th«  fluid  which  has  reached  it. 
During  rumination,  the  solid  matters  which  have  be«n  stored  in 
the  rumeo  are,  by  the  cootractioDS  of  the  rumen  and  through  the 
inslrumeDtality  of  the  reticulum,  regurgitate*!  along  the  oesopht^us 
tDto  tbe  mouth,  in  order  to  be  subjecti><l  to  a  second  and  moa>  perfect 
procesB  of  muaticuti>tu  ('clic<wiug  Uic  cud').  When  again  swallowed, 
tJie  finely  cummiuuled  ulimt^nury  particles,  mixod  with  the  saliva,  pass 
along  the  uiaophageal  gutter  directly  into  the  psallenum.  Iu  this 
diviiiuQ  of  the  stomach  the  cummiuutiou  uf  the  digested  food  is  com- 
pleted and  it  acta  as  a  feeder  and  a  reguhitor  of  the  supply  of  matters 
in  respect  to  the  fourth  or  trun  stomach  in  which  the  real  prooosa  of 
peptic  digestiou  hue  ita  seat. 

The  mucous  membrane  of  the  ruraen,  aa  oould  he 
deduced  from  its  structure  {fur  it  possesses  no  glands 
and  is  lined  by  slratified  squamous  opitholium),  forms 
QO  secrotiuu.  In  the  nimt-u.  thi-  |urtially  masticated 
vegotablo  tiiattor  is  subjected,  uudt*r  the  most  favuur* 
able  conditions  of  tumporaturc,  to  the  prolonged  action 

•  J.  G.  JlcKandikk,  A  r»l-6«w*  i^  Pkftiolon.  Vol  iL  pf>.  lOii,  101. 
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of  the  saliva  and,  under  the  influence  of  its  diastatic  fennent,  tfae 
conversion  of  starch  into  dextrins  and  sugars  proceeds.  At  the  same 
time  much  of  the  !4oluble  matter  of  the  food  (salts,  sugars,  gams.  &C.) 
must  bo  extracted  and  pass  into  solution. 

Though  the  rumen  produces  no  enzyme,  and  merely  afibrda  a 
suitable  cavity  in  which  the  diastatic  enzyme  of  the  saliva  may 
exert  its  actiuo,  it  sceius  luvariably  to  be  the  habitation  of  innumer- 
able uiicro-urKaiiisnis  which  provoke  in  its  contouts  fenoentatious 
accompanied  oy  the  evolution  of  gasoa  and  by  the  development  of 
fatty  adds.  In  the  rummi,  a  docompuaitiou  of  cellulose  due  to  the 
action  of  micro-orgauisma  doubtle»H  occura. 

The  reticuliini.  it  may  be  BHstimed,  exerts  no  chemical  octioD  on 
the  cotLHtitueuts  of  food,  its  fiiiiRtioit  beiug,  &n  we  hare  stated,  that  of 
ft  liiatribntor  of  matter.  Nothing  is  known  definitely  ok  to  the 
function  of  the  pudterium.  Tiedemauu  and  Gniuliu  fouud  ita  juicu 
acid  and  discovered  in  it  acetic  acid,  doubtless  the  product  of  fermen- 
tation.  The  function  of  the  fourth,  or  true,  atvinacH  is  exactly  similar 
to  that  of  the  stomach  of  man  or  the  caruivora.  It  would  appear. 
however,  from  the  observations  of  Bidder  and  Schmidt,  that  the  pro- 
teolyde  activity  of  the  gastric  juice  which  it  forms  is  relatively  feeble. 

On  tBo  01-  Although  the  excrements  of  the  herbivora  contain 
gmtaaaoi  M'  l^jTfe  quantitioa  of  cellulose,  the  attention  of  pbvsio- 
HarUnn.  logical  chemiate  has  long  been  directed  to  the  question 

whether  any  part  of  the  cellulose  introduo^d  into  the 
alimentary  caaal  midcrgoes  decornposition  nnd,  if  so,  whether  the 
products  are  of  such  a  uature  as  to  oe  of  some  importance  in  nutri- 
tion.  No  cnzynio  is  fouud  in  the  alimentary  canal  nor  is  any  un- 
organised ferment  known  which  possessed  tlie  |)ower  of  digestiug 
cellulosa.  We  are,  howt-ver,  in  possesaion  of  facta  which  leave  no 
roi<m  for  tloubt  that  cciluluse  can  bo  decomposed  through  the  agency 
of  mioro-urgaciisms,  aud  that  this  process  occurs  in  the  alimentaty 
canal  of  the  herbivora, 

Tappeiner'  found  that  outton-wo»l  when  added  t«  a  solution  of 
extract  of  meat  mixed  with  bacteria  obtained  from  the  rumen  under- 
vrenc  a  process  of  fermentation  accompanied  by  the  evolution  of 
gases  and  disappeared,  fatly  acids  being  found  in  the  solatioo. 
V.  KnirioQi'  shewed  that  during  the  proc^SH  of  digestion  in  herbivorft 
an  appreciable  quantity  of  cellulose  dinuppcan),  and  even  found  that 
the  cellulose  of  paper  u)Happt>ared  iu  its  passage  through  the  atiroea- 
tary  canal.  Victor  Hofmoistcr',  by  digesting  litHf  made  from  young 
grasses  with  the  lii(uid  found  in  the  intestines  of  slaughtered  borses* 

*  Tspp«iner, '  Uatenncbungvo  liber  die  QUmios  dor  OdloloMi,  uttlMMuden;  Qbar 
dcTcn  Leraug  im  DumkuiilL','  Zeiueh,  f.  iilol.  Vol.  xx.  llSSi),  V-  M,  and  Vol.  un. 
188S.  p.  105. 

'  voD  Eniriem,  ■  Uebor  dio  Vorv^.Ttlintift  Aet  C«11u1om  im  tluaruehea  Omkiucbiu,' 
ZeilKh.f.  Jihl,  VoL  xii.  (1885).  pp,  fi7— IStf. 

'  V.  Bafmeiat^r,  'Debar  CeUuioRe-Verdanaag  beim  Pterde,'  AreMv  /.  witMffueK.  «, 
praht.  Thitrheilkurule,  Vol.  si.  (l^Hu),  HcTt  1  auil  S,  qaoUd  bj  StnamMba,  Plmi, 
Chem..  p.  285,  ^ 
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olwerved  the  solatioD  of  a  large  proportion  of  the  celluloae  whicb  it 
contaioed.  In  the  process,  which  occurred  rapidly,  gases  were  evolved 
and  the  funnunttug  liquid  becatne  acid;  no  sugar  was  formed. 

H«uuub«rg  and  Stuhniann ',  oii  the  basis  of  these  experinieDts, 
ai^cd  in  favour  of  the  actual  nutritive  value  of  celluloec,  but  their 
views  have  been  controverted  bv  H.  Weiske'  and  other*. 

According  to  v.  Knirioni,  cellulose  is  Msential  to  the  herbivora  for 

Shytdcal  and  not  cliemical  purposes.  He  found  that  rabbits  f«d  upon 
iet  otherwise  perfectly  adequate  to  support  life,  but  containing  no 
cellulnsp.  invariably  died  of  intestinal  inflammatinn,  the  ciecum 
being  found  to  be  filled  with  ouherent  pitcb-ltke  contenta,  When, 
however,  bom  shavings  were  mixed  wito  food  of  the  same  compo- 
iritioD,  mbbiu  fed  upon  it  throve,  and  the  intestinal  coot^its  presented 
a  uoniial  appearance. 

Whether  colluloso  plays  any  part  or  not  as  an  active  nutritivd 
agent,  wo  must,  from  alt  the  ruetearches  hitliorto  nuMlo,  arrivu  at  the 
coucluaion  that  iu  berbivura  a  cousiderable  decompoaition  of  this 
proiimate  principle  occurs,  bmught  about  by  the  agency  of  the 
cnicjO'OrganismH  of  the  alimentary'  canal.  Whilst  ihijt  decomposition 
in  RuiDioantia  probably  boa  ita  chief  seat  in  the  rnrnm.  in  the 
Rodentia  and  Solidungula  it  is  probable  that  it  i»  chiefly  localised  in 
the  capacious  ccecum. 

>  BeaaabMnud  Stohmuni,  •  Uebrr  die  Btdeatmu  te  0«[hilM»-GUmng  fBr  dis 
BniUiniMd«ThUn.'  Ztiuch.J.  Biol.  Vol.  ski.  (1886).  p.  eU. 

'  B.  WeUkc  '  Eommt  ibr  CellnloM  simtunmnDil*  Wirkuag  b«l  der  BrnJUiniag 
iat  Hcrtilvorm  la?'  Zfitsth-S-  SioL.  ToL  xm.  (1^8),  p.  878l 

*  V.  Koiriem,  op.  eiU 
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NETJMEISTER'S    VIEWS     CONCERNINO    THE    ALBtlMOSES, 
AND    THEIR    RELATIONa 

{Sup^nwntary  to  pa^eg  131  and  132.) 


AT]>ftge  131  of  this  book.a  short  space  is  devoted  to  an  exposition 
of  It.  N cumciflter's  riews  concerning  the  albnmnses.  Quite  apart 
fi«ni  a  mifitake  in  print'  (A^mi-deutera-albumciso  appearing  instead 
of  anh'-deutero-albumose).  the  aoooiint  there  given  convoys  so  meagre 
and  unBOtisfactor)*  on  idea  of  the  spccubtionn  of  Neumcistor,  which 
are  based  on  paiostakiu^  and  valuable  reitearcliea*-*  that  Uie  Author 
here  takes  the  opportunity  of  amplifying  and  amending  it. 

Neumeistcr  wloptM  tlie  hypotheais  which  Kiihne  advanced  to 
explain  the  fftcut  discoverej  by  Schiitxenberger  (p.  116), and  especially 
by  himself,  vie.  (refer  to  p.  119),  that  the  aJbiiminovifl  molecule  when 
subjected  to  hydrotytic  ageoeieii  splits  up  into  simpler  bmlioB  whirh 
belong  to  two  distinct  molecular  groups — a  Atfmi-group  and  an  anti- 
group — which  wo  may  concoivo  actually  t«  form  part  of  the  original 
albuminous  molecule. 

Neumoister,  bowoTer,  on  the  basis  of  actu&t  experiment,  baa 
cndcavuurud,  firvtly,  to  catabliflli  the  suecMsive  stages  m  the  degrar 
datiuu  of  the  albumiuous  mulecule;  secomlly,  to  trace  the  relative 
distribution  of  the  homi-  and  anti-groupa  in  the  several  products  of 
deoofliposition :  thirdly,  to  give  a  oomi»eheoaive  achematic  view  uf 
the  manner  in  which  the  decompoeition  may  be  oonceived  to  pro- 

I  Six  lioMi  Itata  tha  boluim  of  Mga  IBl. 

'  Rielianl  NwnMfaUr,  'Zaf  KwiUiiu  dar  AthtmoMa,'  ZMtekH/t  f.  BitlofU. 
Tol.  nia.  tlWT),  |i|i.  SSl— 401 1  '  Bem«rfeaB0Hi  bbt  Chtmic  da  AJbdiBOMn  nnd 
PiplODc'  Ibid.  VoL  sxiT.  I18W).  p.  X8T :  -  Ueber  dw  BMAtloaeo  du  Albumown  Diul 
Peplonc.'  Olid.  VoL  iin.  jlA9(^.  pp.  Si*— MS. 

*  Tbt  rafc)olD»d  papOTt  an  sol  w  Ar*rt^  cpnawtad  wLlb  the  pneUo  luliiM*  uafcr 
dlMoarioa  u  lb*  ihrM  ^oolvd  abort,  Iml  j«t  mart  bs  nad  fcj  all  lalanrtad  la  il,  aad 
tb47  M«wlrtt  (M  br  u  U  ka«wa  to  Iba  Aaibor)  tt»  Uii  «l  VtamOmm^  nUatUU 
eoaiiltattoiis  to  ttw  Aaaiaarj  U  Uw  aXbaamotm  uu  poploaM,  If  v«  onapl  Uw  aooouni 
vUdi  ba  bat  slTMt  In  hte  tatented  Ltkrimek  rftr  pkmtattfi»<lMm  ChtmU.  En(«  TImII. 
J«cia,  ISM;  'DttarTttotbonn.' /nDrAn:n/.»ob^.  Vol.  sun.  (liWT).  pp.  MS— lUi 
*  Uvkwr  die  niahrts  SiawitkutiR  itraMnatar  WawarJiinipfB  ftut  ProtaiM  sad  Ober 
•ios  Orvmt  aignUillHdiclKr  Biwonutfrpat  utd  Atboaoara,'  Ibid.  Vol.  sxn.  [IMO). 
pp.  S7— W ;  '  Zor  Phjaiolosb  i«c  EiwwOTagiptlan  and  ntr  Lahrc  ran  dot  Peptoaao,* 
^U  V«L  snn.  (IWI),  pp.  M»— 974. 
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c«ed.  The  reader  must  in  Umine  bo  wartcd  thnt  euch  schctnBtic 
TiewB  an  those  of  Neumeister  are  neither  advanced  as  ultimate  nor 
do  they  lay  claim  to  absolute  truth.  They  aro  iutcndcd  to  aid  ug  io 
our  striving  to  discover  and  arrange  the  facts  which  bIiaII  ultimately 
Icndl  UB  to  formulate  a  correct  theory,  and  may  be  likened  to  the 
poles  and  plauks  of  the  scaffold  which  enable  us  to  constnict  a  beautiful 
odtfice,  though  they  themselves  will  ultimately  be  taken  down  and  uo 
longer  be  seen. 

We  coniinBuce  our  amended  exposition  of  NeuraeiHter's  views  by 
placing  before  the  eyes  of  the  reader  the  schema  which  represents 
them. 

/  Albuminous  Molecule  \ 

\Hemi-croup8  Anti-erroups/ 


Proto-albumosc 
[AuipUo-albiutiote) 


Hetero-albumose 

{Aiiipb  D  -111  b  umo  bs) 


Anti-albumid 


D  eutero-album  ose 
Amtiho-blbamoBe) 

Ampho-peptone 


Deutero-alburaose 

[  Ampl)  0  -ol  b  amoBe) 

Ampho-peptone 


Deut«ro-albuni  ose 

( Asti  -olbuiaoac ) 

I 

Antl-peptone 


As  was  stated  in  the  body  of  this  book.  Neumeiater  recognizss 
two  so>calltiil  'primanf  alhumosfs':  to  wit,  pro(o-albumose  and  hetero- 
albumose,  into  the  ronuation  of  which,  as  the  schema  indicates. 
there  enter  both  kemi-  and  anh'-groupB,  resulting  from  tte  Kjilitting 
up  of  the  original  albuminous  molecule.  The  relative  share  whicl 
each  of  the  groups  takes  is  attumptod  to  be  indicated  by  tlie  dark  and 
liRht  lines  in  the  schema.  Thus,  according  to  Ncumcieter,  pnito- 
albnmose  is  mainly  built  up  of  AewM-groupa.  though  (as  indicated 
by  the  finer  diagonal  line  which  joins  it),  in  a  minor  degree,  the 
molecular  groups  of  the  onh'-moiety  take  a  part  in  ita  coDstructioD. 
Conversely  Aetfro-albumoBe  is  mainly  derived  from  the  enCi-groups, 
but  vet  contain  Aeim-molecules. 

From  each  of  these  primary  nlbiimosos,  through  the  progressive 
activity  of  hydrolytic  agencies,  there  may  be  derived  'stcojidar-u  albn- 
mose^' which,  although  not  identical,  yet  are  included  uuiieT  the 
generic  term  of  deutero'a&umosex.  Both  the  primary  alburoogee, 
&a  well  as  the  two  deutero-albumoseM  derived  from  them,  may  be 
designated  '  nffi^/to-albumc^ea '  to  indicate  that  they  contain  both 
h»mi-  and  unit -molecular  groups,  though,  as  the  schema  indicateot  u> 
different  relative  proportions. 

From  th^ese  two  dentrro-nlhiimnsca,  wh-ich  are  derived  Jrom  At 
primary  albu,»i08»8,  by  the  further  action  of  bydrol)"tic  agents,  we 
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obtain  ampho-peptonen,  but,  aocordtng  to  Neumeister,  proto-aWtunuMe 
yields  &d  anipho-|>eptoQe  Id  which  the  Aemt-zroupa  are  chiefly  repre- 
itoDted,  whilst  A«t«ro<albiiinose  yields  an  ampho-poptODo  iu  which  tha 
anft'-eroupa  propoDdemie. 

Wc  miut  uow  tippTLifich  the  «xp1iuiatioa  of  facts  which  are 
indicatod  id  the  righl-hatid  column  of  Ncumotster'i  schema.  It  has 
already  been  pointed  out  that  under  the  actioii  of  certain  agenta, 
as  for  example  when  the  albuminous  bodies  are  subjected  to  loo^ 
continued  boiling  with  acidti',  there  is  formed  a  hoily  which  Schiltxea- 
bergei  called  '  hetni-protein '  aod  Ktlbae  '  anti-aWumid ' :  Kuhne,  as 
has  been  etated.  shewed  that  when  aabjected  to  long-continued 
digestion  with  tripsin,  nnti-nlbutnid  yielded,  as  a  product  of  deoom- 
positioD,  a  pepioae  (atiti-pfvtvne).  but  no  trace  of  amido-acidfl.  These 
facts  are  lucidly  explained  by  Neumeister's  scheme.  We  hate  to 
assume  that  under  certain  conditions  (typically  under  the  iufluencQ 
of  acids)  there  are  split  off  from  the  original  albuminous  molecule, 
gniups  of  an^i-mnlecules  which  oonstitule  anti-albumid.  The  latter 
body,  then,  by  the  continued  action  of  hydrulytic  agents,  as  of 
trypsin,  yields  a  deutero-albumose  which  is  not,  however,  like  those 
we  have  been  cotuudering,  an  ampAo-albumaae,  for  it  contains  no 
hemi-groups,  and  when  nually  digested  will  yield  an  anU-pepione, 
not  an  ataptio-peptone,  i.e.  a  peptone  which  when  digested  with  trypsin 
will  nut  furnish  those  productit  of  decumpuaitiuu  (amidu-ocids)  which 
are  characleristically  the  products  uf  the  splitting-up  of  the  bodies 
which  contain  /lerui-molecu les.  We  thus  see  that  according  to 
Neumeister's  scheme,  whilst  we  have  one  proto-albumose  and  one 
betero'albumose,  we  may  have  three  deutero-albumoses,  difiering  in 
their  constitution,  as  made  out  by  a  study  of  their  products  of 
decomposition. 

It  will  he  obeerred  that  Neumeister's  scheme  admits  of  a  great 
Quny  puesibilities.  We  may  conceive,  for  instance,  of  an  almost  cad- 
less  variation  in  the  constitution  uf  both  the  primary  and  secondary 
albumcsea,  aieoordii^  to  the  method  iu  which  tbe  deoomposition  of  the 
albuminous  molecule  has  been  effected,  as,  for  example,  according  to 
the  extent  to  which  the  anti-groups  of  meleculee  have  been  split 
off  to  form  anti-albumid. 

)  Bss  lbs  sssoBBl  of  SshOISMlMnst'i  i«H«rahM  at  p.  Il«.  ud  Kftfans'a  aalwmtt 
of  protiU  dssMBpssMaii  hf  asUs,  p.  Ul. 
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I  ON    THE    SEPARATION    OF    PROTO-    FROK    DEUTERO- 

ALB17M08E. 

(Suf^Umentarif  to  pagti  126  and  129.) 

The  metliixb  which  have  been  described  at  pages  125  to  page  129 
for  separating  dentero-albumoae  bav©  becD  shewn  by  Neumcister  to 
be  incapable  of  yielding  tihe  substance  in  a  pure  cooditioD.  as  shewti 
by  the  fact  that  the  product  obtained  nlwajrs  giros  a  prccipitfttc.  or  at 
least  a  turbidity,  when  treated  with  a  2  per  cent,  suluLiuu  of  cupper 
sulphate,  whereas  a  aohition  of  puro  doutero-alburaosc  is  not  pre- 
cipitated by  this  reagent. 

When  a  mixture  of  primary  (proto-  and  hetero-)  albumosea  and  of 
dcut«ro-aIbumo9e  is  saturated  witii  Fodiiim  chloride,  Ihe  precipitate 
is  compoaed  of  the  priiuai^-  albiimoRcs.  The  precipitation  of  proto- 
albiimose  is  not  however  a  complete  one.  no  that  if  acetic  acid  (or 
better  still  acetic  acid  saturated  with  sodium  chloride)  be  added  to 
the  filtrate,  the  body  which  ia  thrown  down  \a  a  mixture  of  proto- 
nnd  deutero-aihumasa  When  acetic  acid  satnmted  with  NuCl  no 
longer  occasiona  a  precipitate,  the  filtrate  still  coutaiiut  deutero- 
albumose,  which  in  now.  however,  entirely  free  from  proto-albiimose. 
In  order  to  obtain  the  pure  body,  the  solution,  which  oontaina  free 
acetic  acid  a.s  well  a.s  sodium  chloride,  in  freed  from  these  bodies  by 
long-continued  dialysis.  On  concentrating  the  aqueous  solution  and 
then  addiug  alcohol,  dentero-albumose  is  precipitated;  the  precipitate 
may  then  be  dried  by  further  treatment  with  abwluto  alcohol,  the 
alcohol  being  allowed  to  evaporate  spontaneously'. 

>  JKvfv  to  th«  roUoviD)!  [uiMra :  B.  NcnnuiaUr,  t.  '  Zur  KonntntM  d.  AJbatDoecn,' 
ZHUfh.  /.  Mfilogie,  Vol.  xjiiL  (1887),  pp.  381^101;  1  -Unlwr  dia  Beaklioava  im 
Albumown  xidA  Poptone.'  Pnd.  Vol.  xx*i.  (1890),  pp.  8:21—848. 
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in. 

ON  THE  DIPFTJSIBILITY  OF  ALBUMOSES  AND  PEPTONES. 
(Sujypltmwtary  to  page*  135  and  141.) 


The  experiments  of  Fiinke*  led  him  to  aasert  that  pe[itoDcs  id 
atjueous  solution  diffiiBe  through  animal  membranes  with  much 
greater  facility  than  other  prot^ids,  and  Wittich,  a»  well  aa  Miily, 
Berth  and  others  (refer  to  p.  141),  repeating  Funke's  ohser\-aUou». 
but  employing  parchment  papor  iiiatead  of  auiniul  inembrMiea, 
arrived  at  a  vor\'  different  coticlusJon.  The  matter  bos  r«oeDtl/ 
a^uio  becu  invcsbigatod  (tbtiugb  oe  ynX  not  in  a  complete  maimer)  by 
Kuhne*.  Under  the  name  of  peptones,  Fuulce  and  succeedins 
obAcrvera  bad  worked  with  indennilo  mixtures  of  albumoscs  and 
amphopeptone.  Ktthne,  on  the  olh«r  hand,  haa  cxperimentod  with 
Dolutiuua  of  the  separate  albumowa  and  with  aiuplio-  and  anti- 
peptones,  though  these  peptones  were  not  quite  free  m>m  alhiimiMwa. 
He  hat  abewo  that  h«t«rO'albumose  is  praclicollv'  indiDWible,  but 
that  proto-  and  deulen>'albumo§e  possees  tolerably  high  difTaaiTa 
powon.  Curiously.  deutcro-alhumos«,  which  ftccordins  to  rfoumeistor 
la  a  aecoodary  aluumuMt.  appears  to  b«  Ivkh  diffusible  thaii  pcoto- 
albumosc. 

Iliv  diffusibitity  of  ampho-peptone  and  of  anti-peptone  ia  vei^ 
much  greater  than  that  of  either  of  the  diffusible  albiunwes.  KUhnv 
ha»  estunated  bhat  the  diffusibilitv  of  both  peptones  (which  rtrangely 
ftppear  to  posseas  the  same  diflxtove  power)  ia  about  one-fourth  that 
orgra.pe-8Ugar. 

'  0.  fluke,' S>m wBiiotauMiA^V^ihalkta ia PtptoDt,' Ymbcrii'i Anhlw,  VoLxin. 

■  W.  KtbM^  >  ErUmBMO  llbvAIbvBOwa  and  PopioBv.    O.   Zar  DUTotloo  Oar 
UtaiaiMn  (Md  Paptoa^'  iMMk./.  BioL  TsL  » tUMJ,  p.  M. 
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TV, 

KttHNES  NEW  METHOD  OF  SEPABATTNO  ALBTTMOSES 
FROiM  PEPTONES  AND  FOR  THE  PREPARATIOK  OF  THE 
LATTER. 

(Supptemeniary  to  pages  136  and  137.) 

Since  the  aheefc  of  this  book  m  which  the  peptones  were  treated 
of  passed  through  the  presg,  a  very  important  paper  by  Kiihne  has 
appeartid ',  which  \s  of  m  much  importuDcw  m  connection  with  the 
mode  of  separation  of  the  albumoHei;  aud  peptones  that  the  leading 
facts  which  it  contains  must  be  referred  to. 

All  the  other  methods  of  preparing  the  peptones  which  result 
from  the  action  of  pepsin  and  liyJrochloric  acid  on  the  albuminous 
substanees  (n.nipho-peptoDes),  fnich  ns  the  methods  of  Heaninger  and 
of  Maly  and  Herth  (described  at  page  136 ),  yield,  as  prodacta.  muctures 
of  alburaoses  with  peptones  iu  which  the  former  prepoaderate.  It 
tnay  indeed  be  positively  aseerted  that  until  the  appearance  of  the 
paper  under  disctission  no  am pho-pep tones  had  been  obbaiued  which 
were  free  fixim  albumoees. 

It  18  on«  of  the  fundamental  and  most  important  fact*  connected 
with  digestion  by  pepsin  that,  however  active  the  solution  of  the 
enzyme,  however  careliil  the  experimenter  may  be  in  keeping  up  the 
pCKcntogc  of  flcid  in  the  digestive  miactwre  to  the  strength  at  which 
proteolysis  proceeds  most  rapidly  under  the  most  favourable  con* 
ditions  of  temperature  (40° — 45"  C),  however  long  the  process  may 
go  ou  (i.e.  even  though  carried  on  for  weeks  and  for  months)  laige 
quantities  of  albumudeu  iire  found  mixed  with  peptones. 

After  the  publication  of  the  paptir  of  Weuz*.  it  was,  at  first, 
believed  that  by  simply  saturating,  in  tho  cold,  a  mixed  aolutioo  of 
albiiraosBS  and  peptouea  with  ammonittm  sulphate,  it  was  jpos&ible  to 
remove  the  whole  of  the  alburaoses  from  the  solution,  and  Kubne  and 
Chittenden's  researches  on  peptones  were  all  made  on  bodies  purified 
in  this  manner'.  Experiment  however  afterwardt;  shewed  that,  iu 
order  to  effect  anything  Uke  an  apparently  complete  separation  o( 

'  W.  Kiihne,  '  ErrfkbrunuoD  ilbcr  AlbumtMon  and  roploDe,  1.  IMnlgang  de>  Pvptoaa 

VOD  AlbumooCQ,'  A'tJNiml'tAi/rueJt  aui  drr  ZttUfhrifl  f.  Iliokisit,  I89B- 

*  W'cax,  /.(lUthriflJ.  Biologit,  Vol.  uii.  (1)^6),  «m  p.  10.    Refir  to  ptigM  194  and 
184  of  tht  prcMBt  Toiunie. 

*  Uofci  Ui  pBgo  197. 


/* 


APP.  rV.]      KUHITB'S  XEW  METHOD  OP  PURIPYIKO   PKPTOKEa  491 


the  albiimoses  froin  peptones,  the  mixture  oontaiQuig  these  substances 
shnuld  bo  saturated,  whilst  boiliog,  with  unmonium  sulphate.  Id 
whatever  maoner  it  may  be  carried  out,  a  single  saturation  with 
ammonium  sulphate  is  not,  however,  sufficient  to  remove  all  the 
aJburiiuHL-s.  The  difficulty,  nay,  the  impoRsiliility,  of  thus  completely 
scparatiug  all  traces  of  tbew  bodien  irom  peptones  was  pointed  out  t^ 
Kcumeiater*. 

Tt«  prtnd-  "The  sufficiently  diluted  miiture,  containing  albu- 

pU  0*  SiUia#'»  TDosen  and  peptones  baring  been  freed  from  noaguliiblo 
.anr  mettiod.  alhumiti  and  from  albuminates  in  solution,  in  neutralised 
and  saturated,  at  the  boiliug  temperature,  with  ammonium  sulphate. 
It  is  then  allowed  to  cool  and,  theraafter,  sepornted  from  the 
o^rstallised  salt  and  mixture  of  albumoscs  which  have  separated. 
The  filtrate  is  again  faeat«d  and,  oh  ebutlitlou  is  commencing,  it  U 
nnderud  strongly  alkaline  by  the  addition  of  ammonia  and  ammonium 
carbonato  ;  it  is  tbt^n  again  saturated  with  ammonium  sulphate  and 
allowed  to  cool.  When  cold,  the  mixture  ifi  filtered  from  the  second 
precipitate  of  albumoses  and  Arom  the  ammonium  sulphate  which  has 
separated.  The  filtrate  is  again  heated  (boiled)  until  all  smell  of 
ammonia  has  disappeared,  again  saturated  when  boiling  with 
ammonium  sulphate  and  tbcn  acetic  acid  is  added,  until  the  reaction 
is  (liHtinctly  acid,  an  operation  which  leads  to  a  third  preci[»tate, 
whicli  fur  the  moat  port  separates  aa  the  liquid  cools.  Tbe  quantities 
of  the  albumoses  which  necensarily  separate  are,  an  would  be  imagined, 
very  different,  according  to  tbe  nature  of  the  albuminous  substance 
employed;  they  are,  as  a  rule,  greatest  afWr  lung -continued  iligestioos 
(m.  in  the  latter,  the  amount  of  the  second  and  third  precipitations  is 
larger,  as  compared  with  the  first,  than  in  dige»tinnit  which  have 
extended  over  shorter  periods):  it  is  greater  in  digestion  with  pepsin 
than  in  digestion  with  trypsin,  and  it  varies  with  the  nature  of  the 
albuminous  substance*  which  are  acted  upon.  Thus  the  precipitate 
of  albumoees  which  separates  when  the  product  obtained  by  digesting 
white  of  egg  with  tr}'psiD  is  stibjectMl  to  the  third  precipitation 
previously  referrwj  to  (vir.  when  acetic  acid  is  added  lo  tbe  hot 
solution  saturated  with  ummouium  sulphate)  is  surprisingly  abun- 
dant'." 

In  order  to  obtain  large  quanttttcs  of  peptones  free 
from  nibumosee,  KUbue  recommends  the  use  of  Witte's 
so-called  '  pcptouum  tdocum '  (refer  to  pa^  129),  a 
suhstaDCG  which  is  prepared  by  digesting  libriu  with 
pcp«in  and  hydrochloric  acid,  and  which  contains  the 
three  cluef  albumoses  (proto-,  deutcro-,  and  hotoro-albumose)  in  re* 
markably  6tictuating  proportions*.    This  preparation  must  be  sub- 

■  B.  K«aiB«urt«r, '  DamorkniiMn  wu  OwBis  ia  AlbnmoMD  and  Pvploo*.'  ZtiUik. 
f.  Blal^.  Vol.  m*.  fltMS)^.  MT. 

*  Pratt;  tnuulkl«l  fiMB  Kflhn*.  (n.  eii,  pp.  2,  S. 

■  Tha  vmriiDM  of  Um  Antbor.  la  nOManee  W  Witts'i  ■  pqiUMM,'  unm  od  iku 
pobt  witb  toal  of  Kanmautsr.    Two  aampilaa  vhieh  Iks  biTaatii^tad  eonlauMd  4aBlB»» 
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jected  to  renewed  digestion  for  a  period  of  many  weeks  (six  or  eight) 
with  a  highly  acid  solution  of  pepsin.  The  acid  pcpein  solution 
employed  should,  ia  the  first  iustaace,  contain  0'5  per  cent  of  HCl, 
and,  ulcr  the  albiimoscs  have  been  introduced  and  digestion    boa. 

.oommenced,  hydrochloric  acid   must   be   added,   in  the    proportion 

^of  at  least  3 — *  per  cent,  of  the  weight  of  the  albumoses  subjected 
to  digestion.  Kiihne  statf.!!t  that  if  theiie  conditions  be  fu]611ed 
the  albumoees  digested  may  amount  to  4  or  5  per  cent,  of  the 
acid  pepun  mixtuic.  The  Author  having  three  times  ropeAt«d 
KUhne's  method,  on  a  large  scale,  with  digestive  mixtures  contaiuioj^ 
varying  quantities  of  alhumoses,  is  iuctiued  to  think  that  a  greater 
proportionate  yield  of  amnhopcptone  is  obtained  when  the  percent- 
age of  albumoses  is  low  thuu  wheu  it  is  high.  It  must  be  stated, 
however,  that  the  difficulties,  the  labour,  and  the  expense  of  the 
operatioaa  increase  enormously  with  the  iucruusc  of  dilution. 

To  prepare  the  pepsiu  solution  which  should  be  employed  in 
making  luTge  quautiticti  of  amphopcptonc,  the  following  prooeSB 
should  be  employi'd  (which  ia  ihe  same  aa  that  dewribed  at  page  88, 
the  final  dialy$i«  being  omitted):— the  mucous  membrane  of  Xha 
cardiac  case  of  the  stumacb  of  two  or  three  pigH,  having  been  washed 
and  minced,  is  digested  for  at  least  a  week  with  dilute  hydrochloric 
acid  (containing  05  per  cent.  HCl).  The  dark-coloured  artiBcial 
gastric  juice  thus  obtained  is.  after  liltration,  saturated  with  ammo- 
nium sulphate,  which  precipitates  the  albumoaes;  these  cany  down 
with  them  the  whole  of  the  pepsin.  The  precipitate  is  washed  with 
a  saturated  solution  of  ammonium  sulphate ;  the  tatter  is  separated 
as  completely  a8  possible  from  the  precipitate,  which  is  ultimately 
pressed  between  mter  paper.  The  pepsin-containiog  aJbumnses  are 
found  to  bo  entirely  soluble  m  0"! — 0"5  nolution  of  HCl,  furnishing  a 
clear  aiid  colourless  solution,  which  poeseaeeB  intense  peptjc  activity. 

The  auc'ccsaivo  processes  of  precipitation  with  ammonium  sulphate 
which  have  been  roforred  to  as  neoeaaary  to  the  complete  separation 
of  albumoses  and  which  have  all  to  be  carried  out  at  the  boiling 
tempeiBtun:,  uecusaitatc  very  large  quaotitiea  of  ammonium  sul- 
phate, KG  that  in  order  to  obtain  one  hundred  grammes  of  ampho- 
peptoneB  free  from  albumoscs  the  experimenter  will  employ,  in  the 
Kuc«!e«iive  operations,  many  kilogrammes  of  the  ammouium  salt 
The  albumosos  which  separate  when  ammonium  sulphate  is  added, 

'to  complete  saturatiou,  to  the  mixture  of  aUuimoses  and  ppptoDe« 
which    naa   been  rendered  alkaline  by  ammonium   carbonate    and^ 
ammonia,  at  first  partially  separate  in  a  flocculent  form,  but  in  great 

[part  aa  a  dark  brown  melted  scum,  which  is  beet  removed  by  a 
perforated  Imlle  ;  the  brown  colour  is  obviously  the  result  of  procc«QB 
of  osirfation    brought  about   by    the    atmospheric    orygou    in    the^ 

■  preeeoce  of  free  ammoiiia.    This  dark  scum  rises  to  the  eurfiaoe  again 

^and  again  and  wugt  be  removed. 

kllnuaoM  ELQiI  i>r»lo-ftlbun)oi«  (tbc  [unner  prvpomlcniing  my  iu^tiji  with  oaJa  a 
trMft  of  belero- album  oM  uid  na  dri-slbumoN. 
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When  tlie  successive  aaturationii  witli  aiumoatum 
sulphate,  at  a  boiling  temperature,  have  heen  effected, 
the  pxporimenter  in,  at  last,  in  posMHtioa  of  n  Urge 
''  quantity  (perhaps  a  enni.  mao;  litrea)  of  a  culd  sabu- 

solution  of  ammonium  sulphate  conuiining  amphopeptoaes. 
jMira  w&ter  dissolves,  ut  ordiiiary  tcmptinitiiruH,  uWut  70  per  ctsnt 
of  ite  weight  or  ammonium  sulphate,  it  follows  chat  each  kilo  of  the 
Bui{l  contains  about  700  gnuQmes  orammonimn  sulphate. 

In  onier  to  separate  the  larger  part  of  this  Malt,  the  solution  is 
briekly  bailed,  eraporatioD  being  aided  by  keeping  it  continually 
■tirred  (preferably  by  an  automatic  tttirrBr).  When  sufficiently  eon- 
oenttated,  the  whole  is  exposed  to  aa  tow  a  temperature  or  yoanihle, 
and  the  concentrated  solution  is  eeparated.  oy  decantatioD  and 
thorough  dnunibg,  from  the  oryataUioe  mass  wbico  haa  formed. 

The  DOW  yellow-coloured  solution  is  mixed  with  one-fifth  of  its 
volume  of  alcohol,  which  causes  an  abundaat  at-paration  of  cryataU 
of  aiumuuium  aulphat«;  after  their  aeparatioc,  the  turbid  lit^uid  ia 
poured  off,  when  it  is  observed  to  soparate  into  two  layers,  a  lighter 
Bupcmalaot  layer,  which  contains  much  alcohol  with  a  large  quantity 
of  peptone,  and  a  heavier  layer,  which  contains  a  large  quantity  of 
ammonium  sulphate  in  solution,  but  relatively  little  peptone. 

These  two  layeia  are  separated  from  one  another,  as  &T  as 
possible  by  simple  decantation,  and  then  by  employing  a  aeparotiug 
fuDn<.-l.  The  heavier  solution,  rich  in  ammonium  sulphate,  previously 
ret'errtMl  to,  ia  treated  with  succcimLve  quuutitit-a  of  alcohol;  each 
addition  by  the  latter  cauaes  the  separation  of  additional  quantities 
of  yellowish  peptone  and  alcohol-holding  supernatant  Uquid,  which 
floau  on  the  surface  of  the  aqueous  solution  of  ammonium  sulphate. 
The  latter  on  eiicli  udUilioo  of  alcohol  further  fumiabee  deposits  com- 
posted ul'  cryBtaU  uf  auimouium  aulptiate. 

The  aloobolic  solution,  coraparaiivety  rich  in  peptonea  ftnd  poor 
in  ammonium  sulphate,  which  results  from  all  these  operations, 
having  been  pinoea  in  a  st-oppcred  bottle,  ia  exposed  to  a  very  low 
temperature,  for  at  least  twenty-four  hour^.  The  yellow  alcoholic 
Bolatioa  may  then  be  decanted  from  the  thick  and  bard  crystalline 
crust  of  ammonium  sulphate  which  has  separated. 

It  is  now  boiled,  ik*  as  to  drive  off  tbc  whole  of  tbe  alcohol,  and 
aflanranls  boiled  with  barium  carbouute.  The  latter  process  sorres 
to  docompoeo  the  ammonium  sulphate  vet  pre«eDt,  barium  sulphate 
being  precipitated  and  ammonia  evolved,  Ktlhne  reoomtnends  that 
ammonia  and  ammoniuio  carbooato  should  be  added  during  the 
pruoeM  of  decompoaitiun  with  barium  carbonate,  and  states  that  by 
prooeeding  to  thu  way  be  has  saceeeded  in  obtaimog  a  solution  of 
peptooe  which  oootained  neither  sulphuric  acid  nor  barium  in  solu- 
tion. If  this  deoirable  result  has  ouen  attained,  the  solution  of 
peptones  is  Kltered  ;  it  may  then  be  further  boiled  until  alt  ammonia 
IS  expelled  and  is  coDcentmted  to  almost  syrupy  eonsisteDCO  oa 
the   water   bath.     The  syrupy   liquid  is  then  poured    into   pure 
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(absolute)  alcohol,  wbcn  the  amphopcptone  is  at  once  precipitated, > 
and  soon  assumes  tlm  appearance  of  white  or  greyish-white  crusts. 
Theae  may  be  further  i)urilied  by  aolution  in  very  small  qu&Dtitie^  of 
water  and  reprecipitatioii  by  absolute  alcohol.  They  may  then  be 
dried  tu  vacuo  over  sulphuric  acid,  If  it  be  uol  an  object  to  obtain 
the  ainphopeptone  in  a^  colourless  a  coDdition  as  possible,  the  pep- 
touc  which  has  been  precipilaled  by  alcohol  may  be  dried  as  follows. 
It  \»  dissolved  iq  water  and  the  solutiou  is  boiled  ^o  as  to  drive  off 
every  trace  of  alcohol ;  it  is  then  evaporated,  in  a  |)orcclaiD  capeuie, 
to  dryuess  ou  the  water  bath,  aud  may  b«  kept  in  well-stoppered 
bottles,  or  in  st-alcd  tubo»i.  The  so-called  dry  subatance  thus  ob- 
tained, if  however  furihur  healed  to  110  C,  continues  to  lose 
for  a  long  time  aud  tlieu  the  dark-coloured  residue  thus  obtainc 
possesses  the  intensely  hygroscopic  characters  first  observed  hy 
Kuhne;  when  dropped  into  water  it  dissolves  with  the  evolution  of 
heat  and  with  a  biasing  Doise,  in  the  same  manner  as  phosphoric 
anhydride  does  under  the  same  circumstances. 

It  sometimes  occurs  that  after  boiling  with  barium  carbouate  and 
filloring,  the  peptone  solution  is  found  to  give  a  precipitate  with 
dilute  Hulphunc  acid,  iudicatiug  the  preseuce  of  burium  pcpttme.  In 
UuB  case  the  whole  solution  must  be  verr/  cautiously  treated  witb  just 
enough  very  dilute  sulphuric  acid  as  is  needed  exactly  to  precipitaAa 
all  the  barium  present,  and  thereafter  the  processes  previously  d*<| 
scribed  should  be  carried  out 

The  experimenter  cannot,  however,  be  sure   that  his  long  and 
tcdiuua  work  lias  been  successful,  until  having  dissolved  a  sajuple  ofj 
the  dry  peploue  tinalty  obtained  he  submits  the  solution  to  the  three 
flet6  of  precipitations  which  formed  the  essuQcc  of  the  whole  opera- 
lion.     If  ammonium  sulphalft  produces  any  precipitate  when  ii!dd«d. 
(to  satu  ration)  to  a  boiling  solution  in  the  neutral,  the  alkaline,  aaA\ 
the  acid,  conditions,  the  wnole  of  the  product  must  be  worked  up  di 

According  to  tlie  Author's  experience,  however,  if  the  whole  of  the 
operations  which  have  been  described  are  carried  out  with  thorougb- 
oess  aud  intelligence,  neither  time  nor  material    being  spared,  the 

Cduct  obtained  in  found  to  be  absolutely  free  &om  albumoses.  He 
,  however,  found  that  even  when  the  solution  of  ampbopeptone, 
filtered  from  the  precipitate  of  barium  sulphate,  gives  al)solutely  no 
precipitate  with  either  biLriuui  chiurlde  ur  witL  dilute  sulphuric  acid, 
a  very  concentrated  ^solution  of  the  ampliopeptoDc  ultimately  ob- 
tained is  found  to  contain  a  truce  of  barium.  It  would  appear  there- 
fore that  peptones  in  solution  prevent  the  perfect  predpitatioQ  of 
traces  of  iKirium  by  sulphuric  acid. 


APP,  IV.]  COLOUa  EKACTIOKS  OF  THE  0A8TB10  JUICE. 


495 


V. 

NOTES  AND  ADDITIONS  ON  THE  NATURE  OP  THE  AOIDS 
OF  THE  GASTRIC  JUICE   AND  GASTRIC   CONTENTS'. 

1.    On  the  Colour  Reactions  which  hay  be  employed  nc  the 

UfVESTiaATION    OF    THE    ACIDS    OP    THE    GASTRIC    JUICE    AND 

Gastric  Con-Bina 

{Supplementary  to  pa^M  92 — 95  and  179.) 


The  reader  who  bos  pcruecd  tbc  account  given  of  the  rarioua 
colouriog  inethoJfl  which  la&y  be  employeil  either  as  iodicaton  of  the 
total  acidity  of  tho  gastric  juice,  to  discover  the  prennM  of  frco 
bydrucbtoric  acid,  or  of  free  acidn,  iniiit^ral  and  urganic,  vill  be  cou- 
Mioiu  of  the  want  of  more  d«&iut«  iuformatioD  oa  to  the  special 
advantRgex  which  certain  reagents  pusaen  over  others.  Thia  want  is 
supplied  by  the  resultA  of  the  obaerratiocs  of  Uartius  and  Luttke, 
and  tn  certain  of  these  we  shall  draw  the  attention  of  the  reader, 

BtbartooT  oi  The  Compounds  of  albumin  with  hydrochloric  acid 

S*  iSTm!^  behave  towards  litmus  as  free  acida ;  it  follows  there- 
minoiis  uwC  ^"^'^  ^^"•'^  ^^^°  '°  *-^^  alis«Doe  of  free  HCI,  litmuH  may 
nuicM  wim  be  reddened  by  the  contents  uf  the  stomach.  It  u 
aci  wwuta  indeed  very  rare  that  tho  contents  of  tho  stomach 
"*™'"'-  }x>3»ts»  a  neutral  or  alkaliuc  reaction.     Litmus  is,  ua- 

likii  phenol pbthaleiu,  not  afTL-ct^^d  by  soluLions  of  acid  phosphates 
Some  hydrochloratcs  of  organic  buea  give  on  alkaline  reaction  with 
Utnius,  whilst  with  phenotphtlialelD  tbey  exhibit  an  acid  reaction*. 

Phenol  phthalcin  is  a  body  which  has  of  mmnt  yean 
come  btti  very  gttMnal  uae  aa  an  indicator  in  tha 
LitratioD  of  acids  and  olkoliei,  and  which  posMsaaa 
HjKcial  oilvontagcs  when  it  is  desired  to  determine  tha 
total  acidity  uf  the  gastric  juiooL  It  is  therefore  essen- 
tial to  know  in  what  rospoct  its  action  differs  from  that 
of  litmoa. 


Ba&avlaarof 
UvMmponaAj 
of  Um  allnt- 
mtrnttM  nb' 
•UaoM  viUi 
HQ  %vnr4t 
*pbw«liMba- 


'  TbsM  mtHm  soA  t^^^t'^™^  an  mslalj  bM«4  «a  Om  ipimmpIwi  anJ  wriliasa  of 
Uartfaa  tU  LftHks.  8m  tH»  Mt^miun  d»  MtuMhtm.  KritiMb  mi  «sp«rimanl«Il 
teMteiM  ton  Dr  F.  Uutiiw.  k.  O.  Pror«Mor  a.  Diraktor  iu  ibmL  PoUkUnik  in 
BMloak  vb4  J,  UtUk*.  OboitUtr  io  Bottoek.    Stuttsut,  Vwtac  roa  Pafdinsnd  Enka, 

ims. 

•  Msitka  uti  Lattk*.  op.  cii.  99. 

'  SalksvAr  ond  Konanwa,  ■  Dtber  den  Bagriff  6ar  btiaa  vaA  cabBsdaMa 
BabaftBfa  ItDUageoiahiJtTvinboir'a  Jrthiv.  Vol.  csxn.  (1890).  pp.  SaS— S8S. 
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Ph«DotpbUuJciiD  is  a  coloartoHS  CTTstAlline  powder,  whicb  U 
sparingly  soluble  in  wHbar  but  abundaotly  soluble  io  alcohol,  tbe 
solutioQ  in  tbc  latter  poeeeadne  a  pale  jrellow  colour.  The  addition 
ot  alkalies  caas««  this  yellow  tiofutioD  to  antuoe  an  intense  red  colour, 
whifh  18  bleached  by  the  addition  of  acids  and  by  the  action  of  CO.. 

Phc-oulpbthaleln  h  invariably  added  in  alcoholic  solntioa  to  toe 
liqaida  of  which  the  reaction  is  to  be  determined.  As  prer'  '"' 
stated,  acid  phosphates  behave  towards  ii  as  acids,  Cc  in 
presenoe  the  addition  of  aJkali  must  be  continued  until  they  are 
ooQTerted  into  perfectly  neutral  salts  before  the  red  colouratiooj 
makes  ita  appearance.  Acid  oompounds  of  albotnioous  subst 
behave  towards  pbeDolphCboleiu  as  free  acids. 

loasmucb  as  tincture  of  litmus  cannot,  with  expediency,  be  added 
directly  to  the  gastric  oonteuta  and  tbe  use  of  litmus  paper  b 
inconvenient,  phenolphtliaiem  is  to  be  prefemd  to  litmus  in  deter- 
mining tbe  total  acidity  of  the  gastric  juice. 

To  summarize: — intitmut  ttrtdpfte7iolphtJud^tHMpot$$s*mdiC-. 

vhicK  m^rdg  in/urm  va  of  the  acid  reaction  of  the  goMtric  JMO*. 

^  Jwraigh  us  teitii  no  in/ormation  cu  to  whsAer  a  free  acid  6«  prtagmi  or 

not. 

*»«»^  As  was  prcTiotisly  said  (p.  94),  these  two  reagenti 

aaAawmlta     noeseas  special  value  in  the  Investigation  of  the  gastnt, 
juioe  and  of  toe  contents  of  the  stomach,  inasmuch  as  th«v  an  mtt 
a^ected  by  sails  teitk  acid  reactioiui  or  hy  compotmda  of  atbuntintmt 
^hniances  ivtlh  hydrvdUoric  acid. 

According  to  Maittus  and  Lattice,  however,  no  reliance  caa  £•! 
plaoed  on  fMw  nageatt  as  indicating  ichether  th«  fret  add  of  tk»\ 
ffostric  juice  is  orgamc  or  mineral. 

Paper  stained  with  congo-red  is  to  be  employed  as  the  resdi< 
uul  BMWt  ddiotc  test  or  the  presence  of  free  adds  in  tbo  gastric] 
jolce^  wUbt  in  determining  the  total  anMunt  oi  free  acid  (as  distiu"! 
guished  from  the  total  aadity)  by  tbe  aid  of  a  standard  alkalioftj 
solution,  a  solution  of  00  tropaeolin  (1  part  diascdved  in  10  of  wvalc 
spirit)  should  be  employed. 

Whilst  congo-nd  and  tropeoUn  indicate  the 
of  tree  acids  in  tbe  gastric  juice,  they  cannot  I 
upon  to  tell  us  whether  the  acid  be  organic  or  mioemL 
Otinzburg's  reagent'  (Phluro-glucin •vanillin),  described 
at  p.  94,  is  totally  unaffected  by  uganic  Acidoi 
but  iDdicatee  the  ezuteuce  of  free  minenU  acids.  T^ 
theref<»e,  the  contents  of  th«  stMoach  furnish  a  positive  reaction 
with  it,  we  can  assert  that  they  contain  ftve  hydrochloric  acid.  To 
the  directions  given  at  p.  94  for  the  employraent  of  this  rcageol« 
should  be  added  that  a  few  drops  of  tbe  gastric  juice  are  sufficient  to 


tfa-T&slUlii 

14  'wiircda,' 
'Mir    SOMSM 
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>  Oflasbsa.  'Vm»  Uatbait  tmm  ICMl)««iM  laiar 
CMrsWatt/.  Ufa.  Mti-  UT,  S<y.  40. 
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exhibit  it,  and  that  unless  the  qiiaottty  of  acid  pretent  be  extra* 
ordinarily  siuaJl,  the  red  colonr  of  the  dried  staio  u  seen  to  be  du0 
to  eitremely  slender  microscopic  crystals. 

A  solution  of  Resorcin,  employod  in  the  same  manner  na  GUnz- 
burg'a  reagent  has  been  recoiumeiidfl  b_v  Boas',  ami  can  be  i-mploved 
in  its  stead.  It  is  only  intluencod  by  fnx-  iuini>ntl  acids  and  not  by 
the  cumpuuads  of  hydruchluric  acid  with  the  albuminous  mib-stancen 
or  with  organic  bases.  The  solulion  employod  is  made  by  dissolving 
3  grtUB.  of  resorciii  and  .1  ^tns.  of  cauu-Kiigar  in  100  grms.  of  ttpirit!) 
of  wine. 


a.    OoBia- 


2.  OM  the  RYSTRMATtC  USE  OF  CERTAIN  COLOI'R  REACTIOSS  IX 
ntTEIlMINlSO  THE  PRESENCE  OP  MINBBAl.  AKD  OBOAKIC  ACIDS 
IN  THE  STOMACH  COSTESTS,  AND  ON  TIIR  QCTAXTITATIVE 
ESTISUTION  OF  THE  'TOTAI,  ACIDITY '  AND  OP  THE  '  ACIDITV 
DUE  TO   FBEE  ACIDS  '   (MaRTIL'S  AND   LuTTKE)'. 

1.     Det£rmmation  of  Reaction.     Is  hydroditoric  acid  preMntt 

1-    utBiu  The  contents  of  the  stoiuacb  ore  tested  with  dolkate 

|UUA^  IjJii^  litmus  paper.     It  is.  as  has  been  said,  CHily  roost 

rarely  that  the  n-action  is  found  to  be  neutral  or  ulkaline. 

If  the  reaction  bu  acid,  it  may  be  due  (d)  to  HCI  only:  (6)  to 
organic  acids:  (c)  to  a  mixture  of  HCI  and  organic  acids :  ((/)  to  acid 
saltH,  or  to  a  mixture  of  the  latter  with  the  adds  previously  referred 
to. 

If  puper  stained  with  congo-r«d  does  not  asHume  a 
blue  colour.  frc<>  acids  ore  alwent ;  it  follows  that  au 
acid  reaction  previously  observed  with  litmus  must  have  been  due  to 
acid  salts 

If  congi)-red  is  turned  blue,  the  Htomach  contents  contain  either 
free  hydrochloric  acid  or  free  organic  acidB.  or  both. 

To  determine  n-hether  hydrochloric  acid  is  present,  the  phloro- 
glucin- vanillin  test  should  be  employed 

a.    ?U(H9-  If  this  reagent  furnishea  a  negative,  whilst  coqbo- 

ilBela'TaaUUB.    ,.^.J    furnished   a   poKitive.  fBaclion,   the  acid    or   nadt 
prewot  must  bv  ur^anic  and  no  free  hydrochloric  acid  l>e  present. 

If  the  reaction  be  positive,  the  pretence  of/rm  bydmchloric  acid 
is  proved,  whilst  the  8iinultaneo\i»  preMOce  of  organic  acids  is  not 
excluded.  A  judgment  on  the  latter  point  can  only  be  arrivwl 
at,  according  to  Hartius  and  LiitCke,  by  determinattODs  of  (1)  total 
acidity;  (S>  the  aridity  due  to  free  acids;  (3)  the  total  (quantity  of 
chlorine  present;  (4)  the  quantity  of  chlorioe  present  as  chlorides. 

■  Boaa.  'Bin  d«m  BiM(t*ai  Hr  d«a  IfMhwni  fruer  8«lMiiir«  in  Uassniulwh,' 
CemrmM./.  kUm.  iltd,  1684,  Ho.  W. 
>  O^.  €U.  pp.  W,  67  sad  lift. 

a.  8S 


QCASTIZUITS  DEIKBMEUTIOX  <W  AdDtTT.         .KKK  IL 

Id  the  opiiuon  of  \be  Audior.  howercr.  the  nketbod  of  tike-  'ooe^aemx 
de  pKTtii^.'  Kc  oDets  the  iiHst  dizen.  a»  veil  as  iht  smpaeA  maaiwr 

^     ^-lAhiraftw  lifterwuMOtic^  :■/  tctol  'acidity 
Is  dewniiiiiing  the  KZ'£rT  of  tbe  cobt«a3  -^  t^  ssoDacs  n  s 

tiie  praciiice.  ^be  chisse  <epars*«d  fri^i  ibe  sooi  sa^ScC?  ii^i  == 

cr^?pf  ■:■(  «ocra:t  ■:£  pCfe&r-afez^&J-ffB.  art  *ilT:-ctf.  r^  ac*:i±ia-  z;kf=a:cC 

;.;  T^r-s  i';ci  »  cci^^c  izz:  ccie  of  ibfse  spacers,  ■z^':^  ^*  Kii 
riOf^ti'.-c.  _;t2»;  arc«u:^  TV  rr-jnjsri.-i*  at  n"-ic  S3»  j«  iswiCj  /Aib  jeii- 
'>'  Vci  *«s.:i?rT  sn  izt.icni  jt,  p-m  iy  nig.     Hii^isx  saiSe  ■ie  irst 

j^..ie   s:c  ~   "cfTs*   :c   ri-j  acerLTK  »=i:ii=.i    :f  *'«^'~   r^c^&i  v 

aeiiniiii":   I'-""    i-i:.    :f  jascri:  ;::ie.  'fn  tt  ib;   i^^ber   -^   mit: 

^JT  oziFe  ccrc».«r.     "Hirzi  if  ws  *ca=i*  "isk;  ta«»  jiK'Stt  re  'Jbt  .^ascrir 


This  iriv^ra-zas'-c  s  :arrT«i-£  zai  »t  li'i   :aiCi*c3ii3A=D:a.   re  ~:al 
»r-iii7j-    *.t"iS:a   :c  •s-.^iczim.    I  nar:  5;   I>  ;f  iL-rasc  jpiri'      s. 

■^rst3.~':j  .-f  tilt*  iilirei  i-i?;  is  -3t:z  X"c  £r«ai.     A'Kin  >,"  ijc.  siijaji  ae 
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StCFHOD   OP   CAHN   AND  V.   UEBINQ. 


3.  ADDITIONAL  MCTBODS  OP  DBTERMINIHG  THE  ACIDS  AS'D 
IBiPKCIAI.LV   THE   AMOUNT  OF  HCl   IN  THE  GaSTRIC  JL'ICE. 

{Supptenifutary  to  pp.  95 — 100  and  178—182.) 

In  addition  U>  the  methods,  which  have  l>«ea  doscribcd  in  the 
body  of  thia  vrorlc,  for  tlie  determinatiuti  of  the  hydrochloric  acid  of 
the  gastric  juice,  a  vnricty  of  now  niethoda  and  of  luodific&tioDS  of 
the  old«r  inetbods  have  witblu  rcoeul  tinier  bet-ii  intruduoHi.  It 
would  be  impossiblo  even  lo  refer  to  all  wf  them,  and  only  th'>*o 
which  poietcsM  spucJal  importauce  atid  which  present  peculiar  features 
will  be  discuseed. 

1.  77w  Method  of  Cahn  and  v.  Aferiny*  fur  tke  dttermituUion  of  lAt 
total  htfdrixrdoric  acid,  ih«  volatile  acida  and  the  lactic  acid  of 
the  ftomaeh  contents. 

50  c-c.  of  the  filtered  stnmoch  contentA  are  distilled  over  a  naked 
Hanie,  until  three-fourths  of  the  liquid  haA  distilk-d:  the  Tolunie  of 
the  fluid  in  the  retort  is  ncain  maile  i)p  to  50  c.c.  arKl  ngain  three- 
fourths  of  the  fluid  diatillcu  off.  The  distillate  coutaiun  tue  vulatile 
wnds,  the  amount  uf  which  is  detenniued  by  titration  with  deci- 
Dormal  soda  The  residue  ia  the  retort  or  flask  is  itfaaken  six 
succetmivo  times  with  QOO  e.c.  nf  ether,  in  order  to  extract  the  whole 
of  the  lactic  acid.  The  uoiled  extracta  are  freed  from  other  by 
dislillfttiou  and  the  W-uc  acid  iK-tfrmined  in  llie  residue  bv  titration. 
To  the  Concentrated  stomach  contents,  after  treatment  with  ether,  aA 
excess  of  freshly  precipitated  cinchoiiin  is  added,  until  the  reactiou 
becomes  neutral,  and  the  mixture  ia  then  washed  by  means  of 
chtororonu  into  a  seiwratinj;  funnel  and  shaken  4  or  5  times  wllh 
fresh  quantities  of  cbI<m>form.  The  united  chloroform  solutions  are 
freed  from  chloroform  by  diitiillatioo.  the  residue  is  dissolved  to 
water,  aciduUled  with  nitric  acid,  and  the  chlorine  proMnt  pre- 
cipitated by  aihling  itti  exccKs  of  silTcr  nitrat*:.  Thu  chloiide  of 
silver  is  determined,  t«^  arti^,  gravimetrically  and  the  amount  of 
hydrochloric  acid  corresponding  to  it  calculated  by  multiplying  ita 
weight  by  0-2.^427. 

Aa  wdl  be  obvious  to  the  chemist,  thia  method  is  ooetly,  complei, 
and  diflicult,  and  presents  inherent  dffectit  which  must  militate 
against  it«  accuracy,  the  chief  of  which  coiisista  in  the  huge  quantities 
of  ether  which  are  employed  in  order  to  dinAolTo  tbo  lactic  acid  and 
which  take  up  not  inoousidetHblo  tjuaatitiM  of  tlie  hydrochlone  add 
(liartiusaud  Lutlke). 

The  proceas  of  C!ahn  and  v.  M«ring.  of  which  the  most  interesting 
feature  waa  suggested   by  a  sinking  expi-riiiieDt  of  Rabuteau  (se« 

>  Calm  aail  t.  U*riii«.  ■  Vie  Qiarta  da  tenaim  un<t  kimnkui  5ta«aaSt'  finiMA. 
Artkiv  J.  Min.  M*d.  Tol,  sxxn.  (IWS),  p.  MV. 
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foot-nvt«,  p.  93),  has  been  simpUfieU  by  McNaught',  though  according 
to  Martins  and  Ltlcike  the  raodificatious  only  increase  the  chanow  of 
ertvT  attaching  to  the  original  method. 


2,      The  Mttfiod  of  SjSgvist'  modified  by  t.  JaX-9ch*  of  determinMng 
Uie  Uitat  HOI  in  the  aUmmch  oortienta. 

This  method  re8t«  upon  the  fact  that  when  gastric  juice  or 
coiiieots  of  the  stomach  are  evaporated  lo  dryness  wiih 
carbonnle,  th*  free  acids  combine  with  barium,  Ou  igniting  the 
renitluc,  the  organic  barium  Kulta  furnish  inHolublc  barium  carbonaU^ 
whilst  the  chloride  of  barium  formed  by  the  bydruchloric  acid  of  the 
gastric  juto^  is  .-inliible  in  water,  which  may  be  used  to  extract  it. 

10  c.%  of  tmtilterei.l  st^xuticU  [-untenU  are  nieasured  into  a  plati- 
num or  nickel  capsule,  ami  a  drop  of  tinciiire  of  litmus  iit  added. 
AbidilutelT  pure  barium  carbonate  (i.e.  abwdutely  free  from  cblonne) 
is  then  added>  until  the  mixture  18  no  longer  red,  care  being  taken 
not  to  add  on  unnecessary  excess  of  the  barium  salt.  The  capsule  is 
now  heated  tu  dryness  on  the  water  bath,  iu  on  atmosphere  free  frucn 
HCI.  The  capsule  h  then  ignit<Ml  until  all  the  orgauie  matters  ar» 
dnstroycd,  and  the  rc«idue  is  repeatedly  extracted  irith  boiling  water 
and  the  solutiuii  liitvriKl.  The  vulunie  of  the  clear  61trate  should 
not  exceed  NO— 100  c.c.  The  quantity  of  barium  which  it  contains 
should  then  be  determined  gravirae'tricalty  by  precipitation  with 
dilute  sulphuric  acid,  &c.  Tbe  quaatitr  of  barium  Autphate  multi- 
plied  by  0-3132  gives  the  amount  of  tiCl  present  in  10  ac  of  th« 

Setric  juice  The  control  dvtcrminations  mode  by  v.  Jakacb  bare 
etm  lliat,  as  C!irrit--d  uui  by  him,  th«  method  is  one  of  great  exaed- 
tude.  The  method  would  appear  to  be  theoretically  a  vcrj-  perfect  on© 
if  the  barium  determiitadon  be  carried  out  giavimetrically  by  an 
experienced  worker.  Martius  and  Liittke  have,  howerer,  found  that 
when  the  quantity  of  free  HCI  is  small  and  the  greater  part  of  the 
acid  is  in  ooniBination  with  albumiuout  subsUaoe*.  the  results 
obtained  by  SjOqvist's  melhixl  are  frequently  much  below  the  truth. 
Ther  believe  that  this  may  depend  upon  an  imperfect  decompositioo 
of  the  acid  albuminous  compound  and  suggest  that  by  diluting  the 
mixture  of  gastric  juice  and  barium  carbonate  and  gently  heating  it 
the  difficulty  may  be  got  over*. 

■  M«}l>U«t)t.  MfJieal  CknMkU,  lUrcta,    18«T.     Tb*  Anllior  hu   oot    b^    Um 
oppatoniljr  w  aM  lbs  original  papf. 

*  ajftq^Mt.  ■  BiM  am*  UtOuAm,  h«M  Saltaiinn  im  Mi«tairiialt»  «iiuiti(MiT  n 
fcwrtiaWMW.'  XfiMh./.pk^.  Chtmit.  VoL  xui.  p.  I. 

*  T.  JUmK  '  Zor  4iiaiitUatiTMi  B«atisuMuif[  dt«  Inim  Stitmart  ita  Mfco—nfU' 
MemmUhtflt  f.  Chrm.  ToL  s.  (IS89J.  pp.  ill— SIS. 

*  MarUoi  aAd  LiUtb.  pp.  M  aod  M. 
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3.     Th$  Method  of  Hayem  ntui  Winter* /or  tUterminwff  ihi  free  and 
cmAitied  HCl  v/  l/te  ffostrie  cORtvntt. 

The  reader  is  referred  either  to  the  original  work  of  Mcure 
Ha_}'ym  and  Winter  for  a  full  deHcriptioD  of  their  method,  or  to  the 
exliaunlive  and  critical  exaiuiimtioo  of  it  contained  in  Martius  and 
Luttke's  book'.  As  the  lattc?r  authors  have  very  candidly  pointed 
out.  the  method  o(  Hayem  and  Winter  is  based  in  part  oq  n  philo- 
sophical desire  not  only  to  determine  tlie  total  t|iiantity  of  hydro- 
chloric acid  iu  the  j^tric  coutcntn,  aud  the  total  (]uantitv  existing 
in  a  free  conditioa,  but  likc-wist.-  the  •{iiautity  which  exists  m  organic 
combinatioua.  Uafortuuat«Iy.  however,  the  m«4ii8  employed  qavc 
not  been  ac]et|uate  tu  the  end  id  view  and  the  method  neither  enables 
us  to  determine  the  proportion  of  the  free  nor  of  the  combined 
bydrochloric  acid. 

Hayero  and  Winter  measure  out  5  clc.  of  the  filtered  gastric 
contents  ioto  three  cruciblett,  which  we  Khali  dUtingiiiiih  aa  n.b  and  c 
To  a  is  ndded  an  excew  of  sodium  bicarbonate,  R4i  as.  to  comhiue  with 
the  whole  of  the  hydrochloric  acid.  All  three  cruciblefl  are  then 
plaeod  on  the  water  bath  and  their  contents  ultimntcly  dried  at  a 
t«inporat.uro  of  100' C.  The  residue  contained  m  crucible  a  u 
ignited  for  a  few  niinutos  over  a  naked  flame  and  the  carbonised 
ma.<a  is  repeatctlly  (.-xtractcd  with  diatilk-d  water  aud  a  little  nitnc 
ncid.  The  Kolulion  is  tlien  neutmlined  with  Hodiuni  carbanate  and 
heated  for  some  lime  to  drive  olTtbe  carboo  dioxide, 

The  amount  of  chlorine  which  the  liolution  ountaiiis  is  then 
determined  by  means  of  deciuoriual  silver  nitrate  solution,  potassium 
chromate  being  used  as  an  indtuator.  From  the  amount  of  the  deci- 
normal  silver  Koluttou  employe*!,  the  total  chlorine  {'cfihre  tobU')  is 
fou  ud. 

The  rmiiliie  in  crucible  6.  after  being  dried,  is  treated  with 
concent  rated  soluiiou  of  suda  in  excettti  and,  alter  evaporation,  die 
residue  is  igniK^.  The  amount  of  chlorine  which  it  ooutaiiu  ia  tbcn 
determined  lu  in  the  case  of  the  residue  in  crucible  a.  By  deduclinc 
the  amount  of  chlorine  found  in  b  from  that  found  in  a,  Uayem  and 
Winter  calculate  the  amount  of  fri-e  chlorine  ('  HCt  libre "). 

Tbe  recidue  in  crucible  c  is  iimply  ignited  and  the  chlorine  ID 
the  residue  determined  in  the  same  manner  as  in  the  case  of  a  ukd 
of  b.  The  quantity  of  chlorine  found  iu  c  correspondH  to  the  cUoridus 
and  is  designated  'Chlnrejijre.' 

The  mdiad  fallacy  of  Hayem  and  Winter  lies  in  (he  asaumptioD 
that  when  the  gastric  ooutenis  are  evaporate^!  to  dryness,  precisely 
the  same  '[uantity  of  hydriM*hl(>rie  aeid  witt  b«  roliL|jlii;ed  as  existwl 
in  tbe  free  condition  in  the  juice,  a  suppositiuu  which  is  uol  merely 
theoretically  improbable  but,  as  tba  roiM>rchoi  of  Hartius  and  Luuke 
have  shewn,  is  absolutely  untrue.    The  total  ({uautity  of  UCl  can 

■  Bajren  m  WIdW,  Dm  CUmimt  itomaeat.  Pui>.  IML 
*  MMiint  vkI  Lank*,  tp.  cit  pp.  t>i— lei. 
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<lcf^rmiMiacias  in  s  ui  ?  •«— ;■  Os  tbe  irfcrr  fcm*  ifttf  va^iks  (Hi 
c-f  tLe  &«e  e.T>iiT<ii^:«3e  aai  obihc  be  •ioinoed  at  "due^  Bcvcatii 
iH  =  a— tvawiifae reiBufc  apfiies  K>  ife  rifse  of  the  • 


4.     LvtAtt   meAs4  -  of  4eBermimmf  At  iatal  nnfio^  if  HjA^ 
■  A  >     7W  priadfi^  m  wkiti  M  iMTwrf  u  iirwW 

*^*-''^-^  ^anbs.  :c-  vt:.  sca^^s:.  [r-rMirfmi  cki:£xaL  »3i£  ■nagTi'-gTxa 
ecIr:ndE&      »  — -i.-j»--:^-    j-^.t^v    .::a  lae  ■:ciLer   kjibi.  Utf    k^^ibs^:- 

Tbe  iyir»KcJ:tK  fcii  -x  las  zaKz^  xnriea-s  5*  p^rdj  a.  ';ae  i?e 

Lcnk-:'*  pr:»K»s  •Sff«si3<  ^ps.  lie  tzccrj.  -wiira.  s  tased  ca  i 

^t7?e  =.-s:ieg  :c  erp«™)ee^  acts  ecCecceii  sv  XsnrBt  u*i  afamftf 

»iii:c.  iifsss  f=.  ■i«e  ctcJetfElj  ^«t  ?i:ibir:^:o.  Sir;  iJK'  tSsiS  wo^s  25  3. 

g.-i-n.-*'  3:c.Tcc.-H  i^i;  TCcE.  'ias  zf  ittti  2Lj:i~ie  ix  ii»i  -.^snx.  sparse. 

;c  -JL-i:  ^i^cru  sittvaift.  I"  s  ;.;»o:ii5  -aai  ■mi*  pneccuCr^  -rf  a 
sti-zin:*!  bhfei  irca.  tzceae  itiasiiemasi:^  mimiiiir  ^^  -icsc^sal 
srzcusrszD.  Tc   *«=   ^rcrwt  itt.  Tim  zk^  w^ziit  re"  3*  iTCrcvajieac 

A"c.--rfta    :c   lii  ^•■-(rt:«.-'t  .   -w-^-xacin  iaTzt£  ;^   *!iiR**c5  ■dtit   ■w    mot 

Itg— TTn  loii  ~  *— ■"  *  T'c  XsirvirnrT  «•  3Ei.^f  ^^  «e  n.  UL — ''■*- 

•  J.   «-T.'iJ.     Ijr»  lbiDi.tD>  nr   II II  iMii^'i'jaaagi  Sofsniniiiii^  ik  .~?t.V..-,^  jj 

^»-»      J'lrr.  -.   r'Ot^   ,'»r"iiit:.  ~ii.  -      li*K.  .  3.  »L 

■  £.  ablBjwsE.    TiMiff  am  Jair  11111111114  **  Jtiaram  ^  Skt."  Tri  '■  i..   -^  ■>» 
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Vothanl's  method  of  determining  chlorine  as  applied  to  the 
TtM  pTtDdpia  pr«»*nt  object  depends  upon  tbe  fact,  firetly,  that  iu 
of  VoUimo'i  t^«  presence  nf  Mtrong  nitric  acid,  silver  ailrate  oom- 
VMcMaibrd*-  pletety  precipitates  the  chloiine  atid  iiulphoGfaoog«n 
*«™ii*''**  <"■      which'  may  be  present  in  »  solation. 

.Secondly,  tliat  the  precipitates  which  silver  nitrate  givee  with 
albuminous  bodieii,  n-itb  some  organic  adds,  Sic.  are  iuM>Iubto  in 
stntae  nitric  acid.  If  then  to  an  organic  mixture,  such  aa  the 
gastnc  conteota  or  pure  gastric  iuic-e.  we  add  a  known  qu&uiiiy  of  a 
Btandard  solution  contaioiog  guvcr  nitrate  in  preeenoe  of  a  large 
quantity  of  strong  nitzic  arid,  taking  care  tliat  ihe  siU'er  added  ii 
mora  than  £uflicieat  to  precipitate  all  the  chlorine,  if  we  filter  the 
mixture  and  dctemiine  in  the  filttat«  the  quantityof silver  remaining 
(i>.  which  haH  not  combined  with  tbe  chlorine),  we  shall  at  ooco 
know  how  much  chlonne  the  mixture  oontaiued. 

Thirdly,  upon  the  fact  that  when  a  solution  of  ammonium 
8utphocyaiiate  is  added  to  a  fttrongly  acid  solution  of  stiver,  con> 
toim'n^  aotmt  ferroua  tulphate.  a  curuy  precipitatt;  ttf  silver  sulpho- 
C}'anate  fatls,  the  reaction  being  shewn  in  equation  I : — 

(1)    AgNO.+  NH.CNS-AgCNS  +  NH.NO,. 

This  precipitate  at  once  redissulves  with  tbe  producdoo  of  a 
blcKid-red  colour,  due  to  the  formation  of  sulpbocyonate  c^  iron,  as 
shewn  by  equation  2  : — 

(2)    Fe.<SOj,  +  6NH.CNS  -  Fe,(Ci\S),  +  3NH,SO, 

But  iKi  sooner  haa  tbe  red  colour  been  observed  than  it  disappears. 
ao  long  as  any  stiver  retaauu  in  solution,  the  iron  sulphocyauate 
taking  part  in  the  rt-oction  which  ia  shcHU  iu  equation  D ; — 

(8)    *'e^CN.S),  +  6AgX0,  -  FcjXO^+  OAgCNa 

II  u  only  when  the  vfhote  of  the  siteer  has  been  pncipitatsd  as 
silver  gulphocyttnide,  that  (A*  biood-red  cofoM«rf(o«  dw  to  /errie  #u^ 
phocj/anw  persists ;  the  pertistence  of  the  red  colouratioH  indicates, 
thertfortt  the  termiiuOioa  (/  the  process,  and,  if  the  strength  of  the 
eoliUion  o/ amvumitiin  fut^uxifanide  be  kiiovnt,  the  i/uantittf  of  sitter 
in  th«  sotiUioa  ctm  be  at  once  calcaUUed, 


(B)     Ths  standard  aotutions  needed  in  tattke's  prooHH 


1.  Dmi-bu-  16'I>97  gnna.  of  dry  and  pure  AgNO,  arc  diniolved 

aui MlnUoii e(    iu  about  900  c.c.  of  dilule  nitric  add  containing  2S  per 
•"'"  '^^^     cent  of  HNO^  50  cc.  of  tbe  'liquor  ferri  aulfunci  oxv- 

Clirmit,  Vol.  <.  (1881).  p.  3U .  SMtomM  a.  hmOte,  DU  Ltkn  vom  //ahm,  BctUd. 
Blndiwdd,  IWa,  Me  p.  169. 
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LTTTKCS   XBnKnn 


D 


n. 


<faiu '  of  ih*  Gcratan  RunnacK^KBiA  is  ad^ed';  tlie  ■dxtsre 
dilated  with  distilled  water  to  the  volanta  at  1000  cc     Im 
taking  exactly  ocke-teDib  of  ui  eqoinleat  of  A^NO   in 
somevbat  mon,  say  17'5  gnns^  mar  be  lakes,  aad  tac  4 
detetmitked,  (m  arfu,  bj  meaaa  of  a  periadljr  mcc 
aaa  of  bjrdiocUoric  acid     Except  ui  tbr  nae  of  a 
tbe  simpler  pUa  will  ofier  least  cfaaaew  of  tme 


S.      »Kl- 


Tbis  soIntioD   aboold 
^B-    XH  CNS  per  htie.    U 


T-C 


>H  i.>^  per  btre.    1a  ofdar  M  vnpHv  it,  »  ffrv*- 

of  tbe  we  nk  (m  mU)  are  AmJini  m  1000  ex.  af 

Mas  Miiifei    ■««.  Thii  tnliitinM  iniwr  iiiintM  ■laiiitiiillMiiT  aiiMMi 
^"'^  tbe  ftudud  add  aolntaaB  otAgSO, 

With  ibis  ofafect,  10  ex.  of  tbe  olnr  ■cfctiai  ate  neaaMnd  aos 
into  a  beaker,  and  150  to  300  ex.  of  water  an  aiUed.  IW  wilfhi 
cnaate  solatioo  b  tbea  ^lu«ed  to  flow  horn  a  buntte  into  lb* 
£lBled  drcr  aoloKMA,  oaial  tb»  fint  appcMaaee  cf  a  fi-M-'Tf 
nd£iA  euloanbaa.  Sappwag  07  ex.  wtn  gmiiinfd,  tbea  970  cjl. 
tit  tbe  aolpboejrmDate  «omioo  wovld  bare  to  be  dSlated  Id  1000  cc> 

IWlly.  the  ditoted   sobtaoo   a  tertcd  igaiiiit  feba "^ 

inipand  dedaonial  slver  aoiocw,  ao  ai  i»  awwtMB  tbaft  Atf 
abtohnefy  cocxeapoad. 

(O    fU  A<tml  Praem  9f  Awtitymt 

Lmtke s  proeea  tadDdea  tso  iliiliiMiaariinn :  fiatty,  tbat  at  tbe 
toUd  ytaatitT  oT  cblecme  fonfiaaJ  ia  tbe  eaateate  of  tbe 
^m  qaaatitT  we  ibaU  desJcaate  a :  seoaaAf .  tbat  •/  tbe 
cetnaimBg  iB  tbe  mcsMcatad  reaiiae  tt  ibc  «ctei»;  tbis 
we  flball  dealgBBte  L  Hawiag  Biade  tbeae  JetewMaaOaa^.  tbe  qaa>- 
Qtr  of  tbe  tatd  bydraebkne  acid,  totkjrm  mad  m  an 
iMi'rm,  ^tSi   be   dalaeed   fn^  tbe  valae  rf  «-  L     T 

ed^As«f  10. 
addaead.  di^  siU  Httsa  aie  M 
by  fimbKi  few  the  fiqaid  ia  wbitb  Ib^ ; 

fc    »*ir-  10  tt  of  tbe  tb^a^bly  ■bad  (a 

'"^'"-'—     ra^i  ilj      TT  i  i     if  Ihi  iliilii  iwil  iiiil 
are  added,  tbe  abofe  k  t^kn  Md  Ht  Hik  6r  10 1 

Xa  tbe  t^vat  of  tbe  wiiM»rb  cualiiaiii  be^  ^tn^fy 
Akj  B»r  be  deotdoarised  I9-  Ae  -m:*l—  gf  3  u>   lit  "ill ■im  «f  » 
NfattMa  eoataiaiac  aoe  pwt  of  |  I  1         fw^gmtp  ifiMalred 
15BMi«r«aML 

nw  atfliaa  (atteb  i»  afdr  1 
af  ^cAfae^faan     H  1 1  a^A 


r) 


h^ 


ii(i-«ii.i 
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vjoidd  dec(nnpoae  the  ffOl,  t^>9nUi»ff  cHhriftt ;  and  the  resuita  of  the 
aaalwia  wotad  he  vitiated. 

whetlier  permntiganate  htm  to  be  added  or  not,  the  C0Dt«Dts  of 
the  Sask  arc  diluUiu  witli  tlistilU-d  water  ti>  ibo  100  ex.  mark,  and 
then  filtere<I,  thruugh  a  diy  jUter.  into  a  dry  veswl.  50  cc.  of  the 
filtrate  are  dqw  measured  itito  a  Waker,  ami  tbe  amouut  of 
silver  whicb  they  coDtain  determined  lij  meaas  of  the  decinormal 
sulphocyanate  solution.  The  number  ol  cc.  used  is  multiplied  by 
two,  and  the  product  subtracted  froR]  the  volume  of  silver  solutiou 
employed  {i,e.  20  cc]  gives  us  the  amouot  of  silver  re<|uin.-d  to  com- 
bine with  the  total  chlorine,  and  therefore  the  amouot  of  the  latter 
in  10  cc  of  the  gastric  conteota. 

10  cc.  of  the  mixed  gastric  eoatenls  are  evaporated 
to  dQ-aeH»  iu  a  platinum  cap«ul6  ou  tbe  water  batli. 
lu  the  absence  of  a  water  bath,  the  capsule  may  be 
placed  ou  an  asbeatoA  slab,  whicb  is  heated  by  means 
of  a  gas  or  spirit'tamp  6ame.  n  mibntitute  which  per- 
mits of  the  liquid  being  dried  without  spurting  and  therefore  without 
loss.  ^Vlien  the  residue  is  dry,  it  is  ignited  over  the  naked  lamp, 
until  tht  carbtmued  retidve  no  longer  Ourrtamtfi  a  Iv miwui  ^ame,  curv 
beiii^  takeu  not  to  ignite  tli«  capsule  strongly,  as  chlorides  are 
volatile  at  a  strong  rod  beat. 

After  the  ioctoeration,  the  residue  is  moistened  and  pounded  by 
means  of  a  glass  rod  ;  it  is  treated  successively  with  hot  water  (in  all 
about  lOO  cc),  and  the  solution  is  filtered.  Con?  must,  ncccstsarily, 
be  taken  to  ascertain  that  tlie  wbule  of  the  chlorides  have  been 
extracted  from  the  carbon.  The  whole  filtrate  is  then  precipitated 
iu  a  beaker  with  10  ex.  of  decinormal  silver  sotutiuu,  and  the  cxcots 
of  silver  determined  by  means  of  the  decinormal  sulphocyanate  solu- 
tion. By  subtracting  the  volume  of  the  latler  re<|utn:d.  from  thi* 
volume  of  the  HJIvor  soliition  token  (ie.  10  cc.)  we  find  the  amount 
of  pure  silver  re<|iiired  to  combine  with  the  chlorine  in  the  chlorides 
of  the  incinemteii  gastric  contents. 

ctJcttUUooor  From  the  two  ralues  (total  chlorine  a  and  chlorine 

mST"^    ..f  chlorides  M  vc.  ascertain  the  amount  of  tlw  t*.fjil 
^  acid  present  in   HI  cc.  of  the  stomach  contents  by  a 

simple  subtraction.  If  we  multiply  tbe  number  thus  found  (the 
difference)  by  ODSfiS,  we  obtain  the  absolute  oraoant  of  hydrochloric 
acid  in  lOO  cc.  of  tbe  contents  of  the  sloinoclu 
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ON  METHYL-MERCAPTAN  AS  A  PE0I>17C3T  OF  THE  PUTRK 
FACTION  OF  ALBUMINOUS  SUBSTANCES  AND  AS  A 
OASEOUS   CONSTITUENT  OP  THE  LARGE   INTESTINE. 

(Supplnnentar^  to  paffe$  420,  428,  466.) 


Methyl-raercaplJia.   CH,.HS,   is    at    ordinary  temperntures   a 

Sa£«ou0  body,  Uudcr  a  prc^eurc  of  7SS  mm.  at  temporattircf 
clow  5*.SC'.  it  condeuacs.  Iii  ita  liquid  furm  it  is  a  coIourlcM. 
motile.  Highly  rufmctinf;  liquid  emittiug  a  fwtid,  putrefdctive  Bmell. 
This  body,  which  v-'ikh  Hrst  prcjiamd  by  Gregory',  ftiid  has  been  care* 
fully  investigated  liy  Oberiiiayer*,  aud  ettpecially  by  CJlaaon*.  was 
found  by  M.  Neoclti  and  N.  Sieber*  to  be  a  conatant  product  of  the 
patre&otion  of  the  albuminuiis  iiubstaDces,  aud  by  L.  Neucki*  to  be 
n  constitueut  of  tlit  human  intestinal  gases.  Sieber  and  Schoo- 
benko"  hnv^  since  t'ouud  tliat  when  the  albuminous  substaQoe*  are 
fused  with  cntistic  {Kitosh^  nicthvl-murcaptaD  is  produced  in  greater 
quautitiea  than  Bulphuretltjd  hydrugen.  Lasllv  Kekowski*  has  ja« 
examined  the  physiological  action  of  mcthyl-mcrcaptan ;  he  ha* 
found  it  to  exert  n  highly  poLsuiious  action  on  mice,  guiuea-pigg  and 
rabbits,  though  the  lethal  dose  appears  to  be  somewnat  higher  tiiaa 
thai  of  gulphuretted  hydrogen. 

*  Qrveaiy,  Annal.  4.  Chcm.  «.  Pham.,  Vol.  it, 

"  Ubunuayai.  Bcr.  J.  dcHtKh.  cl'tn.  GnelbrA.,  1897,  p.  9916. 
■  PeUr  CUsnn.  Brr.  d.  tUuUch.  eluni,  GrMltMh.,  IHS?^,  p.  8409. 

*  M.  Nencki  and  X.  Richer,  ■  Zur  KMUitniM  der  bat  d«r  EiwwB^IQuiing  AaftM- 
t^adeu  Gu«.'    MimaUhrjIt /.  Clirm..  Vol.  i.  n6D«)  p.  &3t>. 

*  Leon  Neuekl,  '  Tas  Mt^thylmerk-tpUm  aJc  SeBtaodtliell  d«r  msntehUehn)  JluBt- 
gMc'    Momttht/u  f.  Cheat..  Vol,  ».  p.  (Wa. 

'  Sieber  And  Scboabvako,  AKhiva  dei  S^cienct*  Bhloolqaa.  Tomt  i.  p.  S1&.    SI 

'  L.  de  BohovkU,  'Snrraetion  pbyslologlqae  da  MtthylnawMpiui,'    Arthirttiu 
Scifiee*  Uioiagiqve;  TtHDa  II.  Mo,  8,  p.  305.     SI  PfltanbDig,  1801 
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»( th«  ioteetinai  juio«,  in  rcUtion  to  (lie 

abaoTplioD  of  fata,  416 
firacH,  W.,  on  human    tnteatinal   iniee, 

408 
Butydo   add,    method   nf  deMding   in 

gaitrlc  Juioe,  100 

■  Cadaverin '  or  penlainethrleiMlunun,  4S6 

CAoidiaD-IuTODii,  on  aJoobolia  fennoob- 
lion.  ii 

Calculi.  (.  BalivaiT.  SI 

n.  Btliary,  377 ;  ewly  obaemUona 

ou,  377 1  btniuenoy  of  oocumnco  of. 
S77 ;  phyBioai  ohanotere  of,  378  i  etrae- 
tureof,  878,887;  Kannyn'a  elaarifioalkw 
of,  380 ;  eauroemtion  of  conMitDenta  cC 
S81;  biltfuidn,  biliprwdo,  nod  UH- 
huraiii  in.  882;  bilicyanin  and  efaola. 
tdin  (u  ASA ;  mode  of  fbrmalian  oL 
99S  ;  incidvneo  of  in  iWtioo  lo  sea  aw 
age,  3»3,  3S4:  Frcricit'a  tfawwy  to 
explain  origin  of,  BSE ;  Naaimi't  tbooiy 
Hiidi«««HrcbMon,  886;  reaDjuof  qau- 
tilative  ■nalYiii*  of,  SM:  nethod*  of 
nualTHia  applicabto  to,  S96 

111.  Intertinal,  467 

CkPiiAK  and  UoKa^c.  on  tbo  nUo» 
orji^anlimB  of  the  hastan  •tocnaob.  170 

Carbolio  aeid.  inflvonee  of,  oa  itlatt*li<t 
action.  SO 

Cuu.  deonraporition  of  neUnl  fata  ia 
sluioack,  IM 
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CftUlfrii,  ih«oiry  ol,  6 ;  Liefals'a  noAOw- 

Ura  oi;  7 
CcUuloM,  gkMK  tralnd  in  ihit  faMUri&l 

dvoompoulion  ol^  4ffl ;  digvitKiii  of.  bjr 

tbe  H*rbivara,  4M 
Cnatm,  A.  CowrB.^  tbtt  fuwi  of,  «a  tbe 

natoN  otHfuHion,  <U 
OuuOT,   on  flBll^notwc,  377,   S78,   379, 

880.  881,  881 
CiiKLSfl,  J.  J.,  on  tlia  SUM  of  Ule,  84S 
CSitiMMlwlMUo  or  obcoocholl*  aold,  508 
OMoatuiroohaUaadd,  SOI 
•Cliwf-Mlla'  (BkaptMUai)  of  gUocU  of 

(iiiijiii  of  atoiiiMb,  43;  Mfdnogta  in, 

lUi  I  during  nu  Mtd  ■ettfritr,  IW 
CsiLOBMi,  eonfinnallaii  of   PruDl's  dti- 

eOTCij  of  HCI  in  ih«  pmtria  Jufec,  91 
CBinrnntiKB.  B.  H.,  on  iho  fataaiHaa  of 

hypoaBnlhin  tmn  albusun.  Ml;    on 

slj'eoaiu  io  tbe   naMolar  tiwno  of 

i'teton    itroAiatu,  SOS  |*m  abo  KihlM 

KDd  Ohittaakd«n^ 
CnTTBXDn   &nd  Ouswold.  nn   th*   in- 

fioMMs   of   dltule   aeida  an    dluutic 

CwTixKiiEii.  It.  H.  and  A.  J.  Hmt,  on 

tbepndncUof  digwlioaof  tlArtiu,  ItS, 
Uf, 

C8rTTv<(DiK,  B.  U.  «D<)  H.  M.  P*.nrn!«, 
on  the  primujr  «lMt«g8-pro(luoia  at 
tMMdn.  nfamd  to.  188 

Cntrmmt*  mi  Surrs.  on  tbe  TMcrtioa 
of  miied  Mllvft,  17,  15ft 

CbolMpDguM,  870— 874 

€9ioUlM  Mid,  808;  mod*  of  Bnf«nli«B, 
SOB-,  phyaiaal  1^  «b«ailMA  prOfMrtiM 
of,  8(4;  ultB  of,  SU:  Uylins't  iodine 
eompoMd  of.  SOS  i  action  of  oildiaini| 
UMOto  on,  aOSi  eniplftokl  fonnuls  of, 
Ww  I  ■Iruolanl  fonnnlK  oT,  kod  raU«iani 
oi;  to  dihrdnMhoUlle  uM  and  bilie 
Mid.  «M  1  Mib7<dridco  of,  SU7 

Choloto  Mid,  tlw  BUM  fini  appllAd  bj 
Stteakar  lo  iMtroeholie  Mid.  KM ;  the 
nuno  Dt  KB  nllvgod  nnr  Mid  obiNBMl 
br  LabKbinoB  from  tbo  Wm  of  Uw  02 

Cbokpjmfaln.  tba  naote  ap|)lied  hj  Ber- 
mIIoi.  to  ib«  e«>tounoR  ma<t«r  now 
known  *■  halinibin,  SI4,  SIS 

Cliolcn,  Atiktio,  til*  Iweilia*  of,  JMlreyed 
br  fUtile  }uiM  ami  dtluto  hydrwbnrlo 
Mia.  ITl  J  the  coDlanta  of  tbe  rbII 
blwMn,  and  tbo  bilo  in.  tMM .  tb»  atooU 
la,  4M 1  analrib  of  tba  Mool*  in.  I1VS : 
•dtait  ot,  HMaiMm  ooatdiwd  In,  465 

■  QMfM-wdi'ttM,'  49S.  4M 

•  CbohnNd,'  tM  •  Cliiolii»-i«aMlon,'  las 

CbolMtarin  io  Um  faOo.  pivMiiM  of.  in- 
•mriablo.  SSB ;  th*  vivw  of  Naanjn  a< 
to  tba  ari(io  of  bb«  obolMtvin  ot  tba 
in  tba  nonnal  oondilion,  oontio- 
rwrtad.  »» ;   calculi  of.  SM,  SOL,  809, 


Ohol«tolLn.  8M :  preparation  of,  SSO :  i«- 
iatlont  of.  Io  tbe  bile  oolourtae  BHUm, 
S34 :  •tenMnIai7  compoatUoB  of.  oom- 
pai«d  witb  Ulirabin  and  bydioUlinibin, 
SSli  PTopertiwofiOOBipBradwidiUioae 
of  hTdmiUnibiB,  881,  883;  pjamea 
of.  in  gall-atoBM.  SSS 

ChoUe  acid,  a  •jrnonTm  for  ehntalie  a«id, 
80S:  lomorijr  iiitJTiifl«d  the  aoiil  now 
known  a«  nlrkocboUc  acid.  3M 

GbolobnDatin,  npnimanu  on  tba  lu- 
Iwttoo  of  bOe  CDntainiofr.  taW  the 
blo«d  of  dogi,  ass  i  flnt  obMrvalMua 
on  th«  Ule  ol  th*  oi,  839 1  lb«  obaerva- 
tioca  of  MeynsfaM  uad  CampbeU,  on  the 
blla  ot  tbe  01.  SS8;  tbe  obaenrailona  of 
MacMuDn.  888;  tbe  obaenaUoni  o( 
thv  Adlbor  proving  tbu  non-exiMraai 
ot.  in  Ibe  bib  at  tbe  tina  of  dMtb.  8a*  I 
UacMiiun'*  mctbod  of  Mparaliw:,  894  ; 
dowriplion  of  tiic  «pt«truin  of.  334 ; 
relation  of.  U>  bilirabas  «nii  biliverdin 
nnlcnowB,  831  (m^  PbUe  11.  Sped.  1] 

Choloidw  add  (7|.  807 

Cbdonlc  acad,  a  derivative  of  ilyfcoahollo 
acid.  W7 

Clwida  Rmpaui  awT*,  dl»e4e  of  etianla- 
lion  of,  OB  flow  of  •ubmuUbfj  wlha, 
M;  on  (h«mical  eompoaitlMi  ol  Om 
MBw.  SO  ;  reiiDlU  of  tbe  *tlmalatii»  of. 
differ  in  cmi  itni)  ilof.  31 

(%7ine.  tbf,  d»lini<il.  151,  160 

CitMintx  and  Mto^»IlXI,  on  iho  syntlmda 
of  indol,  436 

CicBko,  H.  TcLu,  hie  riawe  on  Ibc  nalnra 
and  end*  of  tba  dt)tMtirn  ptncewe,  84 

Culmw,  p..  on  Biethrl-iaotaiHaa,  SM 

CtAn.  P.  T..  ofl  MlK  aafd.  SOS 

Cuinr*,  OQ  IraciDc  In  long  tfuM.  388 

'Coeadnit  de  pvta^.'  npfauiailaB  «L 
117  i  ot  eooM  orifBBio  eclds,  V7 :  mrtbol 
efD|do)i«d  \h  Bubtt  in  faiwtiiating  llw 
natvpc  of  Xk»  a«td  ot  the  oMUio  id(», 
97 

CoBX,  Tnit  O.,  on  the  mflnanee  of  utl. 
tkiial  ipMtio  ^ioe  on  tba  Molio  and 
lactic  ttnuantatbtna,  110 

Conirmxix,  attoupw  ol,  to  Mpante  diM- 
latic  enijBM  of  ealtva.  Sfli  aMcrted 
Ibat  tbe  Mllvatj  die  tU lie  «i»jrDi«  ie 
not  daelrajrad  hf  digeelioB  «ilh  pepiin 
■ad  kTdnwhbww  mU,  tST:  alterapte 
lo  eeparala  Iba  p<uiei«ule  dlaelatic 
•layiBf .  9U8 

CouiKKiii  and  Lmrnv,  effeclaof  acdunJoD 
of  hevalM  arterj  va  mrtritlun  ef  Iba 
liver.  »M 

CoLnc.  Miabliehad  paMnalie  Aenla  in 
laine  mniinanU  and  donAoe.  MS  (foot- 
■wta)  -.  obMrvalione  00  tba  dlgerttn 
orgnna  of  BerUvorB,  IT* 

CooovttoML  eft  Calenll 

■CiMyn  rr«f,'a«anaatBtforth»  &M  mU 
Of  tbe  xutrie  )ai«a,  IH,  4M,  897 
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Ooraiux.  8.  H.  And  W.  B.  Wuwnw.  cam 
at  biliuj  fiatuli  la  tiw  hiiDun  lubjeot, 
InvcH^gMed  bjr  Umd,  27'!.   ST7,   3BH, 
Sk^,  S40;  gronrtb  cf  micro -oniKD'cuw 
in  cultim:  roodin  ooatainiait  bilo,  J5S 
CoBfc*,  U.,  on  the  prodaction  of  bili- 
rubin whim  hlood  is  tnjcctMl  into  tiiit 
«.bdiiRiinn]  navity,  349 
COttviMJiKT.  Locnx,  the  discnvsriM  ol.  oo 
the  p-t>lf olj'iic  BciivliT  of  ihp  poncreatio 
juice.  31'!  <it  MX).;  inDEuiLlI^  dcfttraolirv 
ftctJon  of  It^psin  wid  pepam,  IH  (fool- 
now) 
CotmvoutiBti.  ProfeSROr,  reference  to.  H81 
ODUvncLBiKit.  OD  ^U-aloneR,  :iT7.  3M> 
CjnianrU,  the  rieoea  aiid  ariue  la,  46(i 
Cjetine,  aoontreiioe  and  i^uuBCiiuti«u  of, 

<05 
Ckkkkv  and  bin  papils,  t'Kpuriint-iito  ««• 
tAbUjfaing  Ihe  powilil^  fion-iviiL  of  dog« 
aftur  oumpk-U  ramovat  of  the  atonmeh, 
163 

ClUXMV  Uld  IllTHLHRHUtlUlSfl.  on  IllMOip- 

tion  in  lh«  largv  inUialinoi  4Sil 

Damiliwuki,  attempt  af,  to  MpkrAt«  tha 
piUUMfttic  diaatatii]  «nzjino,  90H ;  »X- 
Hrapt  dl.  to  Bopuitl*)  Uw  proWolj'tic 
fannnil.  218 

DxrKKiniB,  luwcrtioii  of.  Ibm  the  miHviu; 
diattuic-enxjnic  rcniiite  the  action  of 
pepBin  tai  lijdrocbloric  acid,  107 

Dcb^dTOoholKlic  acid,  805  ;  iU  con«titu- 
tlon  and  probAhle  rdationB  to  cboUlia 
Mdbillca^^ids,  m6 

DEJ-Kt'iNK.  on  tlu)  Iron  in  liver  in  pornioloua 
niuDmiit.  3^0 

DavAHT,  on  bumau  inli-aiinal  juic«,  40t) ; 
diKcutivu  aotion  of,  113 

DiiuAiicAt.  Jl.,  rc>«aiclicit  of,  on  Uwbile 
kcida,  2<.I3 

Okkuaui-kh,  KKKt.  a  ■upportvr  of  tlx! 
ifttro-cbt'iniciii  iichuul,  m 

[icutfiro-olhumoK.  IS9,  tM ;  Hparotion 
from  proio-albiimin,  468 

DuKimoiT,  oxcrctio'ii  o(  indifio-canuii)  by 
tb*  livor,  3TS 

Difttnido-AMtii!  lie  id,  S.'JO 

DianbiKii.  stooU  in,  miitbcid  of  CJtamining. 
i&i 

Diftitasp,  discover?  of  b^  Payon  and 
Porcoe,  S,  3ft ;  ci^mpansoii  of,  with 
diovLutio  cnzjuiv  at  Botivw,  GU,  H 

nitu<ta>u]<,  MLlivHry.  &  nynonyta  tur '  ptvolin,' 
10 

'  IMiLBlosiioetrjr,'  66 

Dlantatic  tatjmttL  9 

engine : 

I.  Or  taliva.  S6  ;  di»cov«ty  of  ftclion 
vi*rt«d  liv.  36;  «lu4y  of  piwtuota  of, 
37  :  iitt«inpt«  to  Mpanit«,  S8  ;  ^i>t  an- 
known  in  a  atate  ol  puiitj'.  88 ;  ohan^s 
whleb  vMroh  ondnr^oea  under  intJuenc* 
ot,  96 1  ipeeUteEOtsdoD,  ndncing  pover 


and  Teootion  with  Iodine  of  otai«f  mo- 
ducU  of,  ou  March.  43  :  t£tion  of  dilute 
ocida  upon.  166 ;  dcot^nctiaa  of,  ia 
Klomaali.  167 

II.  or  panorcas  and  paaonnti«  jni«c 
SOU  :  biaioij  of  tbe  diMOVftiy  of,  SOS ; 
nmparalioo  of  nolutiooa  of,  SM,  306  ; 
dnit^os  of  activil;  of  asliaicta  or  tela- 
tioiiH  from  tba  pancma  of  diOamii 
animole,  30S ;  prndnotn  ot  the  a«tiao  ot, 
2Mi  tsmpuatnn  moat  tKUMnMa  to 
action  of,  306 ;  rapidit;  of  a«tiaii  oC, 
in(lD«aoad  hj  quanti^  of  (niyna,  906 1 
«Atiinat«  of  the  actiHtjr  of  tbf  panovatu) 
diaalatic  enE.rai«,  30G ;  retaliw  diaatalio 
actlriiy  of  the  pancreatic  luaue  of  tlM 
ox,  shtepauil  |iiK<  SOfi^probable  exin- 
enoe  of  a  cyino^ra  of,  307:  {Toanda  fi>r 
acHutuing  the  indvpendeuM  ot,  306 ; 
att«mpt4  to  i>bUt«,  b;  Booebardat  and 
Sacdma,  308:  bj  Danile«i-*U.  »H:  hy 
Coluibuini,  309:  bj  v.  Wittieb.  309; 
cliemicul  tonipuiition  of,  210 
in.  Of  intt^tinal  jnioc,  418 

DiiliiubLIilj'  <if  albunioaot  and  p«pteiH% 
4H;> 

Di^i^itian,  •Ufinilion  of  th«  prooaaa  of,  i ; 
liuH-nKs  of.  in  Ibc  living  Hiumocb,  111: 
RciHirnI  Klu^b  of  disMtion  in  living 
Hlomaoh,  l.'>3:  duration  of.  IfiS;  ttitU 
producu  of.  Tkioh  laarv  toe  tUnBAch, 
ICO 

of   cvUafjcn  and   gelatin,  1-15 :  ot 

ohondrino^'^n  atid  ehondrin,  14S ;  of 
mucin,  146;  of  elaadn,  146;  of  oxj- 
biuiuogloliiii.  I'lT 

Duuiit.  L.,  nmoarebet' of,  on  bjdrobili- 
tiibjn  rufi-rrod  to,  330 

DoiiuoHUiwin,  on  diaatatic  actioti  of  ij|>_ 
tv^tionl  juice,  419 

bitKcn^Kt.,  V..,  mttboda  at  tAceliDg 
dtKompoiiltiiiu  of  proliridii.  2S5 ;  pnpara- 
tiiin  "( li'iioinc.  S'Afi :  on  timitbin,  344 ; 
hiitcr.v  of  hii  diMOTO?  of  InitM,  SM ; 
bis  ciTiptojiQcnt  of  phaa|Mio-iiiDalk 
aciil  to  prtTipitato  th»  baaoa  nanuiag 
from  thi.1  iliK^ntiipiiiiillan  of  Uw  albtt- 
minont  mnlomitti,  SM ;  diwytvaiv  ot 
IVAsiininp,  3M'>;  found  thnc  Ijiattalae 
dacompoMi*  vith  the  formation  of  ana,, 
25S :  bit.  oriticUm  at  the  Hiatetneol  I 
b^poxatiibiiie  U  a  ptodiHl  of  the  di| 
tiou  of  albuiuiaoiu  bodtee,  362 ; 
niitdifiMtion  of  Petknkoltr'a  iMtetion, 

urn 
Drkchbil,  B.,  and  Th.  iL   giaftny^   tn 

lytinp.  205 
DftEoatiKH,  W.,on  thesulpboroftfaal 

4Si» 
Di7uKji^r»VT,  diaoovray  uf  maltoae,  37 
DcmxIl,  bis  analyaea  of  tbc  bodiea  obtaiiaw) 

from  liilc  by  Uiuuareay,  'ilts  (««/  Palatia« 

and  Diunai) 
DoxcAS,  JoBK,  rcterrncw  to  tlw  iwa  |a 
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whidh  h*  MUbUahed  •  biliary  G«taU  in 

ft  woman,  UTS 
Dvwnnoic  and  Bsucrr,  oonllnna  PrmU'i 

obMnuion*   on    praaenM   of    fajrtlro- 

chlorio  koid  in  KHtric  iuioe.  SI 
DvTBUNiY,  on  iIm  liquia  Mcrrl«d  by  the 

*  crop '  9f  buda,  47S 
Ujs-alboma**,  ISl 
DjMiitMj.  tho  ttflola  in,  tfiS 
Djulfrin,  801 
DyspoiMia.  BaMrio  dtgMtion  in,  ITS 

I.  FUtukut,  178:  tbaTomiMdntanen 

in,  174  ;  the  puea  in,  171 ;  the  toMtrio 

jnico  iu,  174 

tl,  Aciii,   175;  th«  TomilM  maltan 

fai,  170  I  tlw  jMfoant^*  of  aoid  in,  17S  ; 

ooouirenoe  of    'pyroH*'  in   175:  the 

•alira  Mcreted  tn  oonneciica  witli.  17& 

III,  Atuuic.  I7A 

IV,  In  unniiMtion  with  plitliiau  pnl- 
moiialiB,  175 

I>j(pcpt«ii«,  of  llciHUvr,  110 

BamnLs,  axparirooRta  of,  on  utifieial  gna- 
trio  joiee,  70,  ^1  ;  obasrvnl  tho  prniHiriT 
of  ■  wmUiy  i^^Illi<>^  of  pancR«ii  la 
naaidts  oil.  SIO 

EwiiJii  And  ObOxkic«b,  on  lb*  iwt  of 
bnulion  of  popaia   in   tb*  atomMh, 

101  ;  on  p«|iMD<v**'>  ")'  ■  o^  umte 
laatrltii  iodaeedU  Operimentalty,  bj 
4icubQl.  ITU 

GcK.  LaFiiilDliid'.  289 

EcNiiftHt',    iiinorralion  of  narotid  Kbod 

(fwit  nott).     Hi    MaeitM     ftbaMM     o( 

lulphocfuiic  a«id  invobntaxQlaiy  aali*«, 

S7 ;    on    inlln«Bcc   of    ttlnnlatiMi   of 

nerraaon  auhmBxillary  aeeMion,  SI 
Eoixann,  on  Iha  aoid  ol  tha  HMtiie  juioa 

in  bvtr,  ITl 
BtiKr**,  J.  S..  on  itw  noB-Kbaoiptun  of 

«at«r  br  tbc  fftomach,  440  [*w  oifg  Ln 

aoi  F.Jkliu) 
■  EiiBUCK't  naetioa,'  m  ;  daaeflpMon  of 

■pMtram  of.  by  Kntkraberg,  Ul 
SicaMoaaT.lI,.ontba  abaovpiloB  oftlbii- 

mllUHU  niatlen  hj  Iba  MM*  iBltMliM, 

BUn^  Mid,  4«A 

'  Eni«nl>t-c>**">'  *■  ^  T«*g«il  for  th«  free 

HCt«f8u«rtoialM.»4 
Kam.  F.,  >m  luily  a>d  Emlah 
Rib  nlwlTn  lii  m  vtepulj  of  ihn  iwwuiatlii 

Joloa.  411  (K«  |«iMn«tia]idet.antjiDM 

of) 

BHpnuii,  nndjii*  of  htcva,  UO 

BwwL  and  Vilmaik,  tfttita  Krt'niy  of 
iMHiM.  340 

EiNtCLMutK,  on  inln-Mllnlar  dicMtuw, 
471 

EosraiMk  ooDtnwted  «ith  (etiDoala.  4; 
ioiutdtiU  ol,  i,  i;  natara  of  Mtion 
anrtad  b^,  and  tlioMiM  to  aceeuit  lor, 
6;  diOtraeaa  in  tbair  aetioa,  Vi  cir- 

a. 


oumiUncM  whitl)  ialooaM  Mtivttjr  of, 
9 1  daalnwlioit  of,  dnciag  aoliTity,  10 

ERLKXMniK,  mode  of  topvaUon  of  the 
jpntrie  runtwt-«nZ7tnu.  149 

EiujiNitaTKii  HDd  htrr,  on  tiw  ajnthcais 
of  t)-ro«ioc,  Wi 

Ekuimnsiikii  and  ScuOrrxn,  on  tbc 
amoant  of  Uoeino  ficldod  iy  dilleratit 
tiaanaa  wban  tMat«d  with  mtfrharic 
■eid.  SS7  ;  on  tho  anonnl  of  Ijrwino 
oblainad  under  the  xatne  oinninuianoes. 
346 

Er^lhrudeitriD,  40 

KriiNUBK,  dIgMtiou  of  fffUlin,  IIS;  of 
«Utitin,  146 

EwuJi,  0.  A.,  property  of  gulrio  mioa  10 
dwek  lem^DtatioM,  ITOi  ItialnliuM 
on  di^pMtion  quoted,  4Tti 


FKoea,  tbc,  ia  bealtb,  4S$:  reaotion  of. 

4S7 :  micivaeopic  obaraoleiit  of,   4G8 ; 

hillai;   dWTVhtivea  lo,   46ll  :   lata  and 

choUMtarJn  in,  4fi9;   ncrcUn  and  oi- 

cretotie  Mid  in,  459;  minnral  malUfv 

in.  400  ;  iimlti  of  quanlitativo  analjsia 

of.4S0 
in  town,  409 ;  in  iaoDdiee,  408 1 

in  diaanai*  of  tbe  pancnaa,  4C9 ;  aflaar 

pnrgattte  medidna,    4SS|  tnatbod  of 

raamlnint,  in  diaauea  naaoeJatad  with 

dttuibipa.  4tl» :  in  typhoid  lercr.  4A4 : 

in  cIiolHrm,  464 
FujUiST,   Un,  of  Leeda,  telerenoa  lo  bit 

uuljaw  of  the  bile  in  Mr  U^jro  Sob- 

•on'a  <•••  of  bilU/j  fialvla,  37( 
FoM.  on  th«  Miion  of  gMliie  Jnlee  on 

patboKenK!  oriatniuna,  171 
FiKo.  onihe  action  of  oonnwreial  peptonaa 

(albnnKMMa)  in  iwtninins  tbo  ooafnla* 

tionot  tbeUoo>1.14U,  t6S 
Pat-J«ootopoaim   eMjinot  of    pwier(«a, 

310  [ttt  pancraalie  jnioe,  tnarUMa  of,) 
FvUie  aeid  (T],  S08 
FamricK,  on  the  aigniicanoa  ol  ttiewlpbs. 

oyanlo  acid  of  tbo  aittiTa,  90 
■  ftrmfttt  HauUi/:  113 
PnuvDialMMi,    Cai[oinrd-L«(ear    on,    S; 

TbiMxIur  Sohwatin  oo,  6  ;  Paataur'a  >•• 

Mucht*  on,  f  i  J,  U.  Mafer'a  «an««^ 

tioDB  of  lb*  natwe  of,  H 

iMlla  and  bntyiie  In  Intatlnai.  4S7 

FioE  and  llvMBiiB.  oa  lbs  dicaatloo  of 

Bold^dooded  nninala.  478 
FuAtNM,  W..  OR  banxMilobiiweboUa,  MM 
FiaoBB,    Kmii„    nwinreltee  of,  on    Ibe 

angu>|[roap,  reteiNd  to  (toot  nau|,  48 
Fiiciiim,  Ecnr.oatbapmwIeofdaMiai* 

pariUon  of  leUUn,  950.  909 
Flalnla,   v^rulid.  93 1    rabBUuitkrjr,  96i 

gMUic,   7.1;   panorcntio,    199 1    biliuj. 

»T  ;  £ok'«,  betwwan  pnUl  r.  ud  IfaaT. 

eam  iafnior,  DM;  Tbiiy'i  iTilTflliial. 

404 :  VaIU'a,407 
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Fm,  A.,  an  the  lerauoUHoa  of  iheeriii, 

ids 

VuTH  Mas.,  on  Ui«  digeitiM  of  Mil^> 
blooded  uniiuiUi,  fTS 

FuKT  Acctni,  Jcs..  on  ■  M«rearln,'  459 

FLtiMix.  P.  C,  on  Uillon'a  naction.  439 

pLKINCHti,  v.,  rr-BtKtarptinii  of  Mwnced 
Hia  h}-  tlw  lymphatiM.  S«7.  359 

Fonsa,  Bbciuxt.  hi>  T«ntt-book  of  Php>io- 
lofj  qnoud,  98A,  S97.  899,  SflD,  400 ; 
rMiftnshM  of,  on  glyimg*ii.  mltimd  to, 
4T1 

FoFBCHoi  kod  TtvQUKi.nc,  their  Tjen  as 
to  (be  natnr*  of  (he  l^o.  391 

Funx,  E.,  on  th»  aeiion  of  the  sMtric 
juiee  on  mtli9g«iue  oiguiiAniR,  ITI 

Fecbkvs,  F.  J,,  OS  ttu!  KlknliDity  of  the 
ttUva,  17:  Bn&lysis  of  mixea  nUva. 
31 :  on  ttie  oriitin  uf  the  adds  ID  flatu- 
hnldyiipojfcla,  174:  diseovHry  of  leuciuc 
KiA  QrTOntie  in  tlii'  blooil,  livei  and 
nrino  of  vcule  TcUovr  atiuphj',  uid  ia 
phofphoniB-pdiBooini;,  iSi ;  tpcoifie 
(-ravitT  <vf  human  hilt,  3SS  ;  total  (^d* 
in   bamnn   bii«.  SIS  ;  hi«  dixtlriti*  or 

wWli  dow  not  exhibit  trnivlin'ii  re- 
»«tioii,  3GG ;  on  nlhiiinin  in  %-hv  bile  in 
BBMM  of  pikMivG  canRMtiDn  of  tbc  liver, 
867  ;  on  naaUllie  marenn  in  (pdl-*i9D««, 
8SI ;  thtttry  of,  to  aooouot  foi  ari^in  of 
gall-«toDiM,  085;  method  of  obtaining 
intuttiaal  Juice,  i(X 

Tkcmck*  and  Stuisubb,  beliaf  of.  lba.t 
th*  fail*'  ncidH  cciuld  be  ooaveMad  into 
biie  oolnitriait  mntlen,  SA!I 

FsiBDLAXDr.n,  v..  And  C.  B^bibcii,  od  tb« 
Iir««aiii«  tmdnr  n'biobtheboieMseoKtcd, 
•J87 

Frog,  prineiijal  wati  of  foRnntton  of 
pifbin  and  hj-dronUoric  acid  in,  107 

I'urfurol.  snbntitntion  of,  for  sagnr,  in 
FetUrokofer'i  rtsaclion,  308 

Oattki,  M.,  reMAroheRof.on  tl)«  'tuieJlJua 

typhi."  461 
Oall-hliulder,  dropuy  of.  SGf) ;  empyema  of, 

370 
Om«k  of  the  bile.  Sill ;  of  tlie  auall  in- 

tciititic,  *Sfli 

ol    the  nlomach  in  dstulcnt  djn- 

Jnpniii.    17-1  i  of    iht   oniall  tnt««ti]ie, 
m-,  of  tho  liu-^  inlMtlite,  488 
GftHtno  (inlurrli.  aoiiU.  176 
—  diioDic,  17tt 

digcKlion,    fll ;    liintorimil     prr-linii- 

DMTM  rdatiug  to.  Si ;  diciuioAl  tLKcote 
wUdi  hindar,  8t;  in  di«vH«,  103)  iu 
fann,  178;  in  dyRpepsiii,  173  ;  in  aeiito 
gft*trie  CAtanrb,  176:  in  ohronio  Raetric 
obtanh.  17G:  in  giuthc  nicer,  116  i  id 
ttuiocr  of  the  irtomaci).  177  :  in  amyloid 
JegeseTBiion  of  utomMJi,  177 ;  in  duouic 
atttfili;,  177 


Gsabrio  ](u«e.  Bods  of  obtaJnipe,  70;  in- 
Aitttmt  ol  ii«ivou»  ayvlMa  Bpoa,  79; 
4dminaui>M<  wkich  piovoke  ita  Ao*. 
77 1  Inflncnca  of  nMOIal  HaMa  upon, 
77 :  McnliOD  of,  appatently  ind«fiB- 
drat  of  oential  ntcvooa  qratmi.  78: 
physical  aud<d)CDtifmlcbanotBn«f.  79: 
cssenliDl  oonitttoento  of  wimtBariMd. 
711 1  ruioaf  rMCtiona  cchibitcJ  by,  90  : 
rcaiilta  of  aiidyMao(,Sa  ;  artilioikl,  ^i 
method  of  prvporsiioD  of  Uia  lanv,  89 
—  Hcid  of,  M) ;  Pront'a  diaawvw?  oT 
hydrochloiio  add  in,  91  ;  Lelimaiua'a 
discovery  of  lactio  •«id  in.  91 ;  U. 
Bchroidl'H  remrobea  oe.  9i  j  odaor 
reaotiona  depondeot  on,  99, 4&j  ;  luttnR 
of,  ducaned,  96 
RtofltoM  dfpen4*iit  pn  prt^ettee  of  iydro- 
cft'orjc  arid  in  (tmtrtc juice : 

habuinu*  n-ac.  SS  ;  Ueoch'*  r..  M: 
nitihvl-aiiilm  'viuli^L  93 ;  O0-tn>p«!oliii, 
94.  IHi  unncD-Tcd,  Si,  -196;  ctnenU- 
((recu,  Vi  -,  phloro-^udn  and  vanlUin, 
M,  4K ;  baao-parpario,  tH ;  teauMut, 
497 

Heat*  of  tormntion  of  tho  p«pf  in  and 
hydrochloric  aoirl  of.  100 ;  M«t  of  tonna- 
titin  of  acid  of.  107  ;  tbtoriee  aa  U 
taoiv  of  jiroductioD  of  atdd  ot,  110: 
antinaptic  aelioa  of  169  •!  ooq.  ;  mia- 
tioiis  oi  pepuo  and  «<jid  in,  114 

Id  diMaac:  Um  of  tlte  eiovuwh- 
pamp  and  hollnw  gutrie  aotuul  ia 
ooUMtius,  IGG  :  ohaoticit  in  the  aeldit* 
of,  187 

Action  of,  is  ehecking  IcnaeotAtioaa. 
170;  on  ]»athoiicauc  onanian)^  171 1 
d(:lcnnibatioa  of  fro*  HCI  'm,  16D;  of 
thu  projinrtion  nf  a^idA  wlable  in  natci 
and  dfafr  in.  1^1 

Action  of,  and  of  oonctltnenta  of,  on 
proMids.  114 

Oeetric  ulcer.  17ft 

Oaviikh,  hia  Cfaiaue  Bvotoanqaa  qnoiad. 
afi? 

Oeoessacx,  Cabl.  bif  Blemeat«  of  Oon- 
paiHllve  Anatoiuy  qgoled,  471.  479.  474 

GujUKi'T,  C.  00  uiubilinnria,  366 

tiuxcusi.  '  demituncB '  oi '  liinuUa  >  ot,  U 

Giuikut  and  Uiaui»,  obnonrnUooa  of. 
prD\in|{  the  bile  to  be  itujli^  S16.  SOT 

GiEzntd.  ib<.  i'a 

UU,nd>.  Kftlit'ary,  10  et  acq.  ;  bnecal  "^ 
iingunJ,  U  ;  of  fuBdus  of  atoUMh,  M. 
lOa  et  ami.  '■  of  IVlork  and  of  ateanMb. 
68,  100  rt  wi. 

OuM,  ou  the  tnflaanoa  of  aalta  of  Modhia 
oa  tbc  Kcrttioa  of  bile,  S74 

Gt-itiMiM'i  vie«re  on  (be  fntkoUooa  of  tte 
hrer  quoted,  360)  OO  drop**  <a  "- 
gall-bladder,  869  ^' 

Olutamie  add  1«m  AtBtdo-nTrotanaru 
add).  W2  — ™™ 

Olyoocina,  ocounuMe  of,  806 ;  mod*  ot 
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pniwrftiion  a/,  809  ;  ajrntlMda  of.  SIO : 
phy«joal  Mill  ohemioitl  properiiM  of. 
m>;  MmiMaada  ol.  SU;  pwthoda  of 
idMtifi«twiiot,ait 

4M7«oeDU.  Uu  clywelm,  MS 

Ol^boflholie  Bdd.  3M :  modM  o(  |inpu»> 
lian  of,  2UQ:  pfanieal  uid  ekumkal 
lirupertin  «£.  290;  iu  Hodiam  eonf 
poud(  JtMipradnsdofdeconpotitioii, 

Qmaix,  Bnumuu),    r»>««rehM   on    th« 

eouRihiUoii  of  laiuiine,  338  ;  aoIabUity 

of.  MO 
Ombux.  LioroLD.  rMMfthes  of,  on   the 

hiU  ■ciit,  'Jd9 ;  OD  th«  bil«  coloaring 

iiMtian,  814 
'Qttmuui'B  BoKlioD.'  814,  819  (  aMcUwD 

af,  SSO 
Ooomn,  Jam,  flntt  diHovered  SarvfM 

MRtrieiiHlnooDMaMo<hiiiiiMi  itoiaMli, 

170 
Ovuof-BBaAXXi,  T.,  on  Ifac  pieMno*  of 

kiMtae  ia  oerUin  uTaitviinMw  Kod  la 

MedUoK  Tctob  |;UuUi,  338;  on  uiiid«< 

VftleriknU   »cid  in  tbe  |)«n«MM,  !U4; 

on  Keucki'ii  ■tpkringl)'  aoluUe  uiiciiii, 

H4 :  uiftlyKta  at  tiMUhy  liuann  bUo 

from  falLbkiUar.  M 
Oku*  d*,  OS  diopsjr  of  the  K&U-bUdder, 

OauawoMS  JItas.  wufcrdhw  of,  on  ibo 

iBtlMeQplkr  JiMtion  of  c«it*in  Bbuo- 

podi,400 
0«BV,  NlBMUB.   hi*   obMrvfttiofw  uid 

qMsaluUmi  on  dl^ilioD,  66 
Omtm,    tMtwM.    hi*    ^Moverj    of    ttie 

mrtjphmiyl* udiamin  tort  fornitrilM,flO 
OMVfRw,  A.  D.,  on  the  km^^M  Uwc  o< 

oipbMtopeda.  473 
OsemuoBR'a  mctbod  of  dckntliiinit  the 

NlitlT«  Mtlrit;  of  diBannt  MmpliM  of 

popiiii.  lea 

Otfrmut,  OD  ulivMT  Rkada.   IS ;   oa 

vaiiatloiu    !■   unonnl  of  jMfMin   in 

iB«o»ii>  mwabfBiw  of  taadoa  of  ato- 

BiMh,  duioc  dl0Miioa,  108;  en  tbe 

eomapaadMwe  betw—n   the  riafaiwM 

.of  the  gutrio  UMoiw  nanlraiM  in 

[  Mpeiii  wd  In  ebiofldei^  llOj  nutbodof 

I  ff'WTntnlne  relktfvo  ectlTttr  of  mutei 

i/B/tftfalM,  iMctMti.  1  00  CM  gluueot 

BrniUMr,  400)   nwunhn  of.   on   ht- 

■(■lililtiK  r^niNot  of  Iho  pMo««a>,  918, 

nu.  mi*,  'iia 
Oicnmi.mi,  method  of  M>iiag  fat  lelpbo- 

Vnio  Mid  in  MtUn,  itf 
Owning  In  peacnatie  tiaane,  HKvtvrf 

«r,  ^  SelMnr,  Ml 
OOenmM'e  ienf«ni,'  490 
O«nno«s.  oo  nrJe  Mid  in  t«II-«lo«iet, 

Ml 
OrwiLiw*!],  on  Islaalinni  anontioa,  408: 

on  diMUtio  MtioD  of  Istaaliiisl  joioa, 

418 


Oc3n»uai,  C  ..uid  As.  Stbuckkb.  iDTeni£»- 
(iooa  of,  on  the  bile  of  tbe  pig,  SM 

H«aietii>,  rvlalton  of,  to  btlirtiliii),  BSO 

Hemaundin,  U^oiiiv  of.  viih  bilirubin, 
815.840 

H«inaiopaiphjrin,  prodoel  of  roduotion 
of,  S20 

'  H»aumieria.'  M 

UiLLia,  Alm.  txM(,  on  the  actaoa  «I  acida 
on  bile,  818 

UujjnniTDK.  on  the  aotnancUtUM  of 
aJbumowa,  18S ;  a  table  Ulnalntnit 
compoeiiioo  of  btk  ol  ruiona  ■M'ffyh 
quoted  fhna  lut  Text-Book  of  CbamloU 
Fh7iMa8r.ft47 

HAifiiama*,  Otorr,  on  tbt  indiflBailiilitjr 
of  pvpein,  88 ;  bia  reaearcbM  on  tbe 
teniHt'Mttjina  of  Hm  etomaeb  and  ita 
nation  on  anaeln.  147  et  mm. ;  hte  hypo- 
tbaak  na  10  ft  laetie  ndd  •ntrnw  in  tbe 
aUmmcfa.  141 :  diaeoreri  deojdraolMUa 
■eidiUC;  fladablUrabiniobeooDaiaot- 
Ijr  preatnt  ia  (1m  blood-eenHB  of  tbe 
botae,  Slfi ;  rcaMirebea  of,  on  the  naebo* 
nlbnmlDt,  836:  liia  nndtaa  of  nraeln 
and  mnein-llke  bodies  830 ;  the  tn- 
warclata  ooodiMted  nndar  biii  dirvcUon 
on  tbe  mucoid  iiuele»«lbiimi>i  of  bile. 
898:  action  of  bilo  when  laUed  with 
ebrae  atudiod,  8SS 

HArrak,  on  tli*  aolubili^  of  dieleeteria  in 
lolatioaa  of  the  aalta  of  tba  bila^ndda, 
aS6 

Hixtxt.  Gwnax.  idaMiwe  lo  a  oaae  of 
biliaij  OatoU  obacgned  by  him.  Xlt: 
bia  fonnar  belief  In  taaadioc  troin  dod- 
dimlDation,  881,  865 

HjALxt,  Vaoobak,  on  the  |Mnilatenl 
nbicnee  of  Jaondioa  after  Nuunltaaeoaa 
l^ntnra  of  the  eonunon  bile  dant  and 
of  tlie  thoneiB  doM,  859 

ll*aaia,  VuNXxr  U.,  nnd  W.  3.  Oew,  on 
the  pnnctealic  «aa]nBiaa.  101,  440 

HuawaTS,  K.,  and  J.  IIuiaiinaKK,  tlidr 
BMlhodf  cf  aplilUtii!  u^  tbe  proteM 
nelaenle,  nnd  the  pvudnota  vbieb  Ibn 
obuiaad.  385,  SSI.  854 

UuuN,  eiaerlmeata  oo  the  ndd  of  tbe 
Kaaicie  Iniee,  96 

H*i.  M4nnsw,  raeanrehne  of,  on  pugn- 
tivM,  4« 

HiYKN  Kixl  Wurna,  melbod  e(  fiM'  detar* 
outUDC  acid  of  Raatne  eontanu.  Ml 

Uxnui.  H.  a.,  on  IjrMUna  aa  n  prodBot  of 
dMonipaeitlen  of  fibrin  b;  UjpMa.  WU, 

Ilaiiiiuriuni.  RovuLr,  bi>  dlaooraij  of 
srmoKene,  4  ;  hi*  rewiarvbea  e«  the 
•tnieniie  of  tbe  MUvaxT  glanda,  ll;hU 
diaHnatioa  between  wuenuxy  end 
tfoplue  nerrae.  18  t  Ua  (liacovo;  of 
etnielBnl  ohnocae  naeomiujinff  b» 
titritj  of  flaaia.  Ui  bia  naennfaet  on 
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tlw  nirm  which  infltienM  th«  pirotid 
Mcntioii.  St;  rariation  In  chonical 
oonipoiilioD  of  parotid  milt*  acoardinK 
to  mm  ttimal&ted,  2ii  mfluenoe  of 
•timnUtinn  of  ahnrdii  tymjwui  on  w>or«- 
tion  of  Rnbtn&xilJiiiy  siJivii,  'Hi  ■  kmoiuit 
of  lolid  msttora  in  B&iue,  after  itlmula- 
tion  of  v^mpatluilic  uurve.  81 :  hutMuiy 
of  efleoM  lallowiuiit  secclon  of  ctiorila 
Irnpuii.  83:  tefiuTcil  lu  in  Tutetavx  tu 
KKclrii;  fixlulw,  711 ;  Ilia  method  oi  uk>- 
l&ting  Ibe  fiylorio  end  of  the  utamach, 
ocil  of  obtiktcin^  thk  jivloric  tcexetion, 
101 :  on  iht-  miiiutu  K'irui?iun>  of  the 
paucreai,  189  ;  ou  ihu  inUuuiaa  noTtad 
\>y  pilitcaniine  an  Ihs  panorealio  aBora- 
t'wn.WJ;  liiii  rlewR  a«  to  the  inncrratios 
gf  the  pnncicai,  Itl7;  his  r«eear«bpB  on 
tliechan(;ei  In  thu  eeH*  oT  the  paoertHU 
during  rt^*l  anil  activity,  197:  hin  din- 
oo'fn-  t>[  Ihe  i-hiWHi'ii  in  Ihu  lecn-linB 
CiplU  of  tliD  paiicican  raiTe><|ioiii)inH  xa 
dtflcrrnt  (tnto  of  octivitjf.  nnd  of  the 
7.yiiiOKcn  of  the  proteolytic  fcrmmt. 
'219 1  cSccti  of  Itiood-lnttiiiit,  it«'Ction 
and  atimulatidii  of  tipiual  cnrti  nnd  of 
RnlnnnhniR  nt^rvM  on  the  M>cretlnn  nf 
bil«^  2^S;  Hit!  nmnaure  under  which  the 
bils  i»  ■rcrctird,  287;  reUlion  between 
praiiaro  under  which  bila  i*  aecrcced 
and  inrsaurc  in  »up.  nioMOIcric  vein,  2U7 

Kkwtz^W^  (lincoV'rjT  bj,  that  the  ourdliuK 
fennent  of  the  ntomMh  acC«  in  iientnLi 
and  alltaline  ootutionij,  147  :  K»eBmbea 
ot.  vo  lli«  coloniiiiti  matter  of  ^a11- 
■toncH.  aiJi;  on  the  conversiuii  of  Wli- 
rubin  iutu  blUverJin  by  the  absorptiun 
of  onjgcn.  A'H 

Heinte  and  Wislioexos,  on  the  bile  of 
thfl  goose,  SM 

HxuaOKT.  VA-i  Johjw  Baitwt*,  Cwt  Inlro- 
dlieiwi  thn  idea  of  fcnamUitioH,  to  ex- 
plain digcativL'  ucniou,  &u 

UxHU-i,  ItioH..  Iryptoplian.  'J44 ;  on  Legal'* 
rMctfon,  4'J3 

Hftmiftlbimiin,  of  SehUtxenberaer.  117 

HemialbuinuHu,  tho  ttnn  by  wmcb  Kvhno 
fiml  di-iiifiiatnl  ft  mixture  of  wriain 
albumtuHii.  rjl.  134  ;  lueiluid  uf  ubiaiii. 
ing  and  AcpDratiiig  iulv  ila  votiBliluunt 
albunioacti,  I'JS 

Heniipiiptonn.  11)^ 

H&miproleidin,  SehOtiten  burger's,  117 

Hemiprnlein.  Si;liill2enb«r|jBr'«,  llti 

HiXKcaKBo  and  SroBUutii,  raearohee  of, 
on  tha  baoterial  deoompoflitioa  o(  osUu- 
loH,  467,  481 

Bji}i>i»oKn,pnrpBtatIon4(]>vptonee(inixed 
with  albomowf^.  13S 

R<iTbivoni,  diffikBltoD  In,  ■17<!i 

Hsnrtocic,  tha  property  of  the  pancreatic 
tiMue  and  ita  eiiract«  to  decompotie 
acelio  ether,  21'1 

HEniiA:*^.  Jtn,  on  th»  ttUot  of  in)ootlon 


of  water  tola  the  blood  on  the  axratfoD 
of  bil«  jHKment  in  the  nrine,  8fiS 

Hkbok,  tee  Brgwn  and  U«roa 

BsBBuu!(.  £.  F.,  N(  I'co  and  Hecroun 

HaiiTxa,  analjrai*  of  mixed  honuui  Mlira, 
'il  ;hi>aaaijrsMo(nannal  anhmagniaiy 
Raliva  of  tbadoK,  'Jl 

Berth,  preparation  of  peptones  (mlud 
wiib  albumuses),  130 

Hetetv-^buinose,  137  ;  analyaea  o^  I'JS 

EavEkius,  OiiDB«,  nlina«*  to  hie  work. 
313 

UKyKHinH  and  CuiPBBix,  OD  the  pTvAm\» 
of  uiiUatiuu  nt  tbe  bile  entooilBK 
inatt«r«.  and  their  j^jeetre.  8<0:  at* 
lempta  of,  lo  leparate  biUoyaoia,  SK: 
th«ir  deacriplion  at  the  npeotnun  of  aa 
aioobclio  nobtion  of  ox  bue,  9HS ;  oo  the 
eolonrinfi  matter  of  the  faioaa,  45B 

HiLuaniuxii.  on  thu  dyapejwia  of  phthi weal 
pationta.  17<'''> 

HiwtKiutKiwKx.  F.,  on  nicretin,  W9 

HirroouTiPi,  the  riew*  of,  oo  tbe  natuie 
of  difKHtion,  &4 

HiaaonrKt.ci.  F,.,  infln«ne«  of  dlluta  a«id» 
on  fATTnentatioRf,  170 

Hiaaoni-ta,  production  of  NH,  in  pan- 
creatic diseetion.  3fl0 

HorMit»K,  K«nL  B.,  hia  'Lehrbueh'  re- 
ferred to.  219.  3G3,  467 

UoFMA}n[,Uan.-B.,  hiaioactioatotlTnaiittw 
iSO 

HonntsrEB,  Pruo,  eomponnd  ortjrociDe 
villi  copper,  350  ;od  toe  OM  ofpboepbo- 
luuvatiu  acid  to  pieetpitate  kraurie 
a«id.  crratiniue  and  unifaiiM  (fool* 
u-uip).  255 

BviruEisTEu,  VicToa,  oo  tbe  dlffcatiaii  of 
ecliuloM  bj  the  bone,  480 

HouioBKK,  referred  to,  eoBeeroing  fiaatrle 
flatulw.  73 

Hopn:-SEti.EK,  Felix,  on  the  seoretioo  o( 
bile  durinjc  pmtonited  abatinenoei  S7ft  ; 
on  the  Tnriattonn  in  tho  flow  of  bila 
during  a  digodive  p#riod,  376,  379  ;  OB 
tanroehelio  ooid,  3u4  -,  oo  ebeloiue  acU. 
397 :  on  driljain.  W7 ;  on  «bolotdls 
acid.  SOT ;  hi*  (ibanrratiooa  on  tbe 
Buvti-Dm  nf  the  bilo  of  the  ox.  SM  i  U 
thi:  iron  in  the  bile,  &42 :  rrn  ihr  aheincn 
ot  frtc  vxygaa  ia  tha  Ule,  MS;  U* 
analj-wa  of  hmnan  bilo,  840;  anaJnea 
of  bladder '  hil«  nnd  fistula- bils  in  iofu 
S-n  ;  an  hmRiBiujHirpbyrin  and  the  pn>- 
duot  of  itx  redaction,  lUiO ;  on  tbe  oQe 
of  Amphitijiit,  AM:  aoaljnaa  ol  ae- 
ooniuiD,  491  i  on  the  eaaea  pcodtUoA 
duiiDK  the  bact«r>al  deoeapoeliloa  of 
oeUnloM!.  1B7 

UoKiuvzivtKi,  on  the  digeation  oC dutin 

and  itK  product*.  Hd 
Borac.  digeclk>n  in,  477 
HOrNxa,  G.,  bis  orlUeiam  of  the  aoaew- 

Uon  of  a  vital  foroe,  7 :  diaeoveiT  of 
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trft«M  el  ■  proteoljrtic  «ujia«  in  tbe 
■dim  of  tbe  pig.  18 ;  hia  axp««BMnU 
on  Hm  pftDCTMiie  eoayipu,  900;  hia 
iMMnbMon  Dm  eoailiUrtiaii  of  Itucinv, 
SIM;  on  s  ra|nd  imtbod  of  prapuinK 
d^koclioUe  tod  trom  ox  bU«.  S9S ;  oq 
UM  SUM  iiradnoed  ia  ihebaolMial  d«- 
Wttpo^twn  of  piohdda.  4S7 

HDrnEit,  John,  on  jioAt-morUm  digeMion 
of  ths  slonuch,  tGO ;  «a  the  Meretion 
formed  in  tbe  orop  et  breediiij  pigemia, 
47S 

Hmms.  W.,  on  ths  iron  in  ilia  liw  in 
pentidoua  anainiM,  8A0 

flydrobilirnbio,  930  ;  pnpftnlion  ot,  838  ; 
nlftUoiis  o(,  to  bQirubin,  826 ;  r«»otiM)i 
and  •peelroMof  io  eharaeUn,  S26 

Hydropkracnmarie  acid.  4SB 

'  Hjrdropi  cjitiilii  fcUe*.'  809 

Hjrooluilcie  Bdd,  the  nioi«  kpplJed  by 
BtnekCT  («  taroturoahoUo  mU.  MS 

lSjo«boUe  Mia.  dw  nanu  oikbuDy  »■ 
plittl  b}'  Ounjlach  uid  Stnuer  «ad  fcjr 
Strwker  to  bjogl;-1to«lioli«  Mid,  SM 

RjroKljIuiolioUe  tuM,  3M:  nuchod  o( 
•epuatloa  M»d  pn^Mrtta.  UV;  n> 
eeitmhM  of  JoUn.  on,  S99 ;  uMhod  ol 
picfiamloD,  SM  t  prepeitiM,  SOO 

BjotaaroohoUc  and,  803 

HnosADtinc,  iltcomrj  of  in  p^nerMtie 
tiMiM  by  Cbitu-ndun,  aoi ;  obtaiatd  H 
piodneti  nf  Iho  digealioa  of  blood-flbrtB 
wllh  j)ep«iD  ftDd  tTypsio.  by  SslooDOO 
mad  Know,  Wl :  la  all  ttuM  eaMi  w 
doolillBMdnlmd  from  Ibe  decoipoamoa 
of  aMhiae  (EoomJ).  «t.  »9%m 

latro-ChMDteal  Sobool,  tiews  of  the,  ooa- 

MRliaC  Um  ptOOM«  OT  diRMttOB.  W 

lolarai,  or  tuiuke,  SM ;  daAaltioa  and 
iBodeo(|>TDdU8lkn  o(  an :  tbe  atlManoe 
tl,  acWaK  from  aon^mLnatiaii  denied. 
Ml)  Pratiefa^doQtriiMot  ■  po^ycboUa,' 
Ml ;  loMtofHtia  pofMiiMM  HenU  die- 
eoMad.  8«S— M8|  doe*  a  aioUUiiealetm, 
MD ;  the  tocae  in.  <63 

Indkan.  «r  indoiyl'iDlpbiiria  acid,  i!M 

Indgl.  iSl  i  mode  of  pctpaniioD  o(L  4tl  i 
i»ot  a  primary  fniiuH  of  tbe  deBmapoe*- 
tion  of  Um  ptotdd  moUcak,  430,  433 1 
pkrnoe]  aad  c(i*inieel  ptopsitiae  o^ 
4>!l:  teeta,  4X8;  faU  and  Oanalacau. 
liana  of,  in  the  eeoaoay,  4M 

'  Inglnviea '  or  *  erop,'  474 

Iniaattoll  infee.  40t ;  Tbiry'a  datula  for 

Ohtabbv.   400:  ValU'i  doable  OaluU, 

IMt  artamelueae  inflo^Bciaii   aeor*- 

tfank  of,  MN ;  affeela  of  meebanlcal  and 

aleolriai]  atianUI   oa.   4M|  aSaet  of 

aclmQli  CO,   110 1  irftata  of 

lOD.  410;  UiiloeiiBoafoarvou 

psataai  oa.    4ia,   «11 :    nhyeical   aod 

l«fceiDka]  ebaracura  of,  413  -,  anlioo  of, 

«a  proleidt,  413  ;  Mlioa  of,  on  atanb. 


dU;  aetioa  of,  on  oane  vagu,  ill; 
■Ation  ol,  on  maltoee,  41S ;  aetioa  of,  00 
fata,  416 

Intastina,  larw,  the,  ananflunant  and 
atraotare  of,  448;  time  ooeopied  by 
alimrntary  nbelaacaa  betbro  icachuu. 
449  i  cliaiaciec  and  ^nantUJea  of  aTaU^ 
•lil«  ftlimvnUry  principl**  oontaiDad  hi, 
450 1  liaal  digMtit«  pweeaoaa  ut,  4fil ; 
thcgaaeiof,  166 

Inieetine,  amall.  Uie.  titaiigaiuoi  aud 
Rtnwture  of,  897 ;  on  nlnfMIIra  pco- 
oeaaoa  in.  414;  late  of  paaaice  of  ali- 
moatary  ■ubalauoeaalonc  449 1  moipfao- 
loftitic  and  obemioal  obaneten  of  ooo* 
t«ot«  at  tixit  bom,  4S0 

IntraMllular  digeatioa,  449 

Inwsnon,  deflnod,  414 

Iiivert<«ii^r.  414 

Iroa  in  tite  bWc.  Sll  :  Ibr  obcnrvnliona  nf 
Gamgee  and  ItaUirrford,  311 ;  of  <iaiii- 
gee  and  F.  k.  Vouim,  ^K;  mbwrqucm 
obeervalMMM  of  Hoppe-BeyUr  and  Ktin> 
kel,S4U 

JaboniDdi.  action  on  ealif  ary  eccniion,  14 
Jacowikx,  O.,  Ilia  obatzratioD and aaalyaca 

of  bnnun  bU«.  2M.  Ml,  W,  M 
Jaconeon'a  nemvb,  (flMla  of  elinulation 

of,  on  Sow  of  parotid  aaliva,  a ;  iafln< 

eaoe  of  Oimolalion  of,  on  compoelliOD 

of  pantid  aaliTa.  3S 
JaoDBowTTeoa,  aaalyaaa  of  mizad  huiaaJi 

eallra.  21 
IajtI.   Mu,   on   omithin.   314  ;   on   tbe 

speelnuu  of  Oni«lin'i   rcKCIioit,    830 ; 

oo  biliafy  aroUlin,  SST  ;  on  Identity  of 

bnntatotdin  and  bUtnilMn.  SIO :  on  iha 

eolourinf  aiattar  of  llio  tntoa^  4W 
JjjuiwMt,  on  iha  bactarU  of  iha  eolon, 

4M 
V.  Jiaacn,  qnoted,  M,  Sfi:  aodUoation  of 

bjikriafa  netbod,  500 
JauiMieth  M  lelen* 
JawonMir.    on    etoonlo    ntropby    of   lb« 

atomacli.  177 
JoaxHiit,  Sin  titoaoa,  rafeT«noo  to,  3711 
Jotn,  S.,  on  tbe  aaida  of  pig'i  bilo,  800 

KaImm,  y.  F..  on  tbe  rarriinJ  of  do«e 
afkr  coaqileta  tentoval  of  tbe  etomadi, 
104 

Kmt,  a.,  on  Um  anUeeptie  netlon  of  tba 
^Ule  lalea.  IO0 

Kiaa»a^  iBiaMkation  of  caeae  in  nbldi 
tba  blood  oooln  oot  paee  diraoUy  fiuui 
tbe  portal  blood  to  Ihe  liver,  904 

Km«aop.  ble  diaeovMy  that  ea^r  la 
fbtnied  by  Ibe  aetion  of  boOlnK  aal* 
pbnila  MM  on  etvoh,  and  in  the  pnmae 
of  matting.  B7 

KmAin.,  on  iemperaturo  mo<rt  favourable 
to  diaaiatie  aatkm.  £1 

KuununiawKS,  raelfaud  of.  for  ItoUting 
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tor  wporiroBHU  nlattng  to 
pHlHc  digMtioti.  IT9.  191.  186,  IBT; 
on  tlio  (tsntraotioo  of  fenncnU  in  tha 
ftUinenUi;  canal.  M4 

LucoWT.  J.  N.,uvlJ.  S.  Ei>Eisft,'I'e(An> 
ORcn  and  PeiMin. '  l&t 

iMiatXT,  J.  ii„  «ad  P.  Eict).  on  ooodi- 
lioM  whioh  inSuODc*  th«  &inylalylic 
«Mi«ii  of  Mlin,  157 

LunuT.  J.  N.  uul  U.  U.  Funmni,  oo 
iIm  iodiMne*  of  tha  Ktrinuth  of  tli« 
■tlgmha  udiMl  to  tlir  -  ehurAh '  on 
Iba  Mmponuaii  ol  nibiiiaKilliir;  ulin, 
98 ;  OB  tli«  cfl«oU  of  unjoctiDn  of  NaCI 
tnd  VitfiO.  inio  Uw  bl«<>d  on  Morotion 
of»a3iT>.  M;  thwTMitJjMiofMbluiffia] 
tiUivn  rafnmd  to,  H3  ;  on  nl«  of  «xare- 
tion  of  MlM  bjr  the  nlin,  SI 

Luoi^r,  J.  N.,  and  H.  Sawui,,  on  ibe 
chain—  Ib  (Im  |mim[d- farming  ^landa 
dBRBg  dipfltiOD,  100 1  rvlali>u  aiauunla 
tiptftia  In  stoaMMb  at  varjio]!;  UnM*. 

LunoEBTiB.  Rat,  ob  intnbolluUi  lUgM* 

li«a,  471 
himauttarr.  P.,  on  the  eiuiuriieal  forniuU 

flf  AoUiaand,KU 
LiTMMncuowMt,  OD  Um  lonu*tioti  of  bill- 

RlbiB  Iron  blood  ooloario^  iiiBttar,  MB 
Luivoiii  and  LirivK,  on  dUiUlie  MtJTitjr 

of  Hoall  tntiHnine.  il8 
Lu,  SumiMit,  oooiMntiTC  ttoAj  by,  of 

natoral   twd  utiSElal   digcMion,   41  -. 

Aadi  malWao  to  ba  Ibe  onljt  anittr 

rMOhiBg  b«Bi   iIm  HiipB   of  nliwy 

Uid  pUMTMli*  diMUM  on  •tank,  4S ; 
t  «fU«tM  of,  for  MMiBting  bjr  dklr*la 
^m  pnSnota   of  dig««iaii,  Aa.,  46; 

plQhiie  and)  on   iha  pbcuonMiu  ax- 

Dlbiiol  bj  IbH  Ut-Idk  |«ticreM  dariait 

•MMtion.  IIHI ;  doubta  wbothar  pUMn- 
>  Mia  diMlM*  dirrtily  locnii  mh  mpa 

■BOW,  41S  i  OB  Iba  (ormAtiOB  oMmmuio 

Ui'l  tyraaloa  in  Ui«  lirinR  alimanlarr 

nuul,  445 
Luun,  on  tbopraMootoftuIpbocjanBtaa 

i»  tbo  blood  and  Briae.  H> 
•  Lavd'a  NHtkni '  for  iodol,  4U 
Lmvuni,  lUa  diaaorMy   of  hctio  and 

hjdreaUoru  aoida  ta  Uw  gntM«  joio*. 

Lftras.  hia  axiNffaMtita  to  dlaeorcr 
■halbar  ibe  baraer  eaUa  uf  the  vauuia 
(bad*  toihlUt  AD  Mid  raKtiuu.  Iu9  («er 
oIm  Laoooii  and  Lfpisa). 

Iiftvai,  on  Um  oaa  of  Iha  bolloK  ptatria 
aooDd,  IWi  on  tba  dinhivtiM  of  lh« 
lijdnoUona  aeid  of  Uw  gaatno  Jnloa  ia 
flmr,  173:  on  nntriant  inf"""  4SS: 
OB  inteatinal  Joica.  41* 

Laaolni  |a-anii  Jo-  iaobirtjlaema  add).  8»l : 
oeaamDoo  in  tbo  organua  in  bcalln  and 
diiiaao,  StS.  SIS  ;  modaa  of  pnrpaiatioa 
and  aqtafalioa  tToin  tjrroalno,  KM ;  eon- 


Milation    of,  987;  ■ro*l>*u*   '>^   388; 

l^niaal  and  ahauical  pnpaitiM   of. 

aw  I  rotatoi?  powar  of  uo  ph^aiaaUjr' 

uonsnrio  lanalaaL  141 :  oomponoda  of, 

949 :  naotlMia  •hUi  aecra  to  idcniltr. 

343;  bonieni  ot;  348 
Levcs*!  drat  ol>aer*«il  tbo  diaatnilc  aotioo 

of  aaliva  on  lUreb,  M 
Levrtt  and  LxtKuoxx,  naoarebM  ot,  on 

digvation.  TO;  on  faitodlnal  atetMiou, 

410 
Lett,    Mai,    od    the   inid-fiul   Rland   of 

Mollaaca,  479 
LtTcxx,  belief  of,  in   jaaadio*   bf  dod- 

alimiDatioat,  36£ 
LiciiraKiit,  oo  iht  aftaeta  of  atinalatioB 

of  tba  tninal  ootd  on  tba  flow  o(  bUe. 

3tl» 
'  [itKBKliROHyB '  daoda.  in  iniall  inloatliM, 

8M;  ia  Wga  IntoMlna.  446 1  ascntlon 

of,  m 
LiBBMUiAiM,  IfRo,  tba  taaoiioa  «slubit«d 

S'  hydioUUraUa  <rhan  tieatad  wiib 
tra  and  aulphnrie  aoid,  838  ;  on  tba 
■paelraaoopto  oharaetat*  ol  oboiatelin. 
880 ;  on  Ibe  diSercooe*  baiwMO  ohok- 
talia  and  hrdrobilirubnn,  881, 182 

'  Liti*rmanmi  nmcticn'  (or  hjrdroMi- 
robia,  390 

LnntA,  J.  r..  on  oatalTiia.  7 

LntmcnT.  ijrnlbaais  of  taodaa,  9S9 

LonmBEitou.  on  tba  antHaptio  '■*"«*** 
of  tlie  bik.  857 

Liapaal  and  buec«l  glanda.  aaerellcn  of,  S4 

Lirr  {«M  BrIoBBwjm  and  Lipp) 

'  Livooa  I*A)i«an*Ticva,'  BagBr'a,  931 

Lima,  sik  JoaEpa,  rafaraaM  to  a  oaae  of 
biliai>'  tiiQla  in  nan,  in  orbleli  b* 
op«nl4K],  273 

LitbnfcUic  aoid,  4(W 

LcraaaiMa.  on  ib«  diaMatio  aatTiM  of 
lliapaBcnaa,  307 

LoKiraanoM,  oa  tba  infloaaea  ol  pBi^a- 
tivaa,  to.,  on  tba  aaoration  of  bUa.  8T4 

DC  Leu  anii  Piaeaai,  on  Ibo  aetd  aao*- 
tion  ol  DoUon  oalaa.  1S8 

Lcrrn'a  noalbiM  of  invoaligaling  the 
acida  e(  tba  caaliia  eoniaau,  MS  (»r 
alto  Uariitu  and  LQitka) 

hvv*ia,  C*«u  inn«av«t(on  of  aaliraij 
gland*.  13  I  04)  n&tnra  of  aol  of  Men- 
tion, 14  :  on  the  bent  a*olnd  during 
■MntioB.  in  aabnutsiUuy  (liod.  14.  ti 

Luiiwia  and  BacaBB,  oa  affect  of  oottllnncd 
•cjnalaiion  of  tba  cbaidn  tnauaai  on 
•Bcnttoo  and  omipaaltioa  of  aapniaxil- 
larx  aalita,  M 

Ltbaiiii  and  Ouotirnixii.  IM 

Lcnwiu  and  A.  Saua*.  na  haal  evolrad 
during  aecratioa  of  nlita.  14 

Ltnmo  and  Wmiiniixx.  IM,  IW 

tjMtinina,  diaoovarr  br  DTcaliatl.  966 1 
ptvparaUon  of,  36« ;  (tiaybied'a  maUwd 
0l  a*p«4»tin«.  367  [  aonipoatilaa  of  lla 
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ailvwr  eom^and;  nUtian  to  flrMlJDft 
or  eimtinis«  (iTUtinino  or  I}>n>lineM> 
367 1  dmompocM  with  ttio  farnutioii  of 
arm.  iSH;  lilt*  lyun*  tit  nn  uIcikI 
proJnet  of  Uie  diKcetJOD  o(  tihna  by 
trY]Mlii,  2G9 
I^fJoiB,  3S4 ;  liUtory  of  tit*  >liacov«ry  by 
Drc^Ufrl,  'J5t;  empl(),\inonl  or  jibcmho- 
ttungnlo  utd  to  preci]iit&(«  it  und  rjrDa. 
tinine.  S66 ;  conHdlution  and  cms- 
IwUfuU  at,  36G  ;  it  dexlru^ioas.  2ii6 

MAcrADVKs,  NR.1C-XI.  Mid  Sikkks,  le- 
•owcIk*  of,  on  the  ohstnicinl  proocMM 
of  the  «roiiU  int<4tin«,  til).  US,  44V, 
450,  4A1 ;  obntirvatioafi  of.  on  the  re- 
action of  inoouiia  uiniubrHae  of  colon, 
Ml;  on  tho  bncUu^K  af  mid  [lutivlikotiTe 
ptaeeMMio  the  v-alvn,  4-^1 

Mac  MrxMi  0.  A.,  on  ili«  ipMtrum  of 
PiiiU-itkftfoc'n  [ttantion,  21)9 ;  on  tho 
spHCtrnm  of  (itncJin'a  rooetion,  liSt  ; 
on  bilinry  nrobiUn,  H37 ;  on  the  to- 
called  otaolo-hwmstin,  SHS ;  on  Ifae 
colouring  matt«i  at  bhc  heoof,  406 

Malt«>l«xbiii,  40,  43,  £0 

Mullute,  dlwovenr  of,  hy  Dubranra'at,  87  ] 
iamtigktieD  or,  b^  O'Sullivtm.  37  ;  the 
onlj  BDgar  produMd  by  th«  aotion  of 
diMUtic  eDzjma  ofsabva  and  paneretii 
on  sUruh,  4'i;  descrlplioa  of,  47 1  in- 
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(T».Stt* 

ScnaftpEa.  obwrraiioiu  of,  on  Uw  In* 
fucnon  of  ■«•  and  aai  o»  tiw  oDourvMiM 

IU«tuaur  and  Spallaniani,  70 
ScnuMR.  B.,  and  J.  Biaaixai,  dimiwiy 
of  Inoina  in  wadllng  pnnpUsi.  SSS 

t.    nuuHai,   ana    m.   Boaaaim. 

diaoovary  by.  tbu  wiuat  anbiootad 
to  pnlosMd  Ugb  trnpentura  4bs< 
IfoitrTaBalwMlne  boMMMi  JMOtivo,  Ml 

and   Bohmami,  obtain  \mr»tjnm 

laoolna  ftom  inaaUvr  laudna.  mum  IIh 
litflneiMw  of  PenleiUitin  glanotna,  311 

ScBci-a  and  Liamuna.  on  Iba  oooatl* 
tution  of  IcnoBfl^  SM 
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B<UiVTEXin»UIS,  SI.  P.,  hb  WMMBh»l  00 

Dm  prinuujr  elMtnga  nrodueti  when 
klbfHDiD  i*  boQed  wiUi  ditnt*  ■ulpliaric 
■Old,  Hi :  liiB  nvthod  of  dtoain{>oMae 
■IbomiaooB  bodiM  by  beuinit  with 
bMimn  hjdn4«,  tmder  piMfan),  Kt  torn- 
pftramiva  bittWMii  KHT'  and  90(P  a,  388 ; 
lb«  ftrammU  of  tfrorina  which  ha  ob- 
taiiwd  bji  hia  meUi^xl.  3M  :  the  priniu^ 
uid  iM0ndu7  ptocluaU  obuined  by  hn 
inetbod.MiO 

Bcu'VAsx,  To.,  on  ttiiaeouiioii  wid  puUe- 
lAcUoa,  6 1  an  tba  mUob  uf  wliv*  oa 
Manh.  86  ;  dlMOwery  of  ptpwn,  7U,  85; 
reMATOlM  OB  di«Mtion.  81.  03:  tnt 
DuuU  bilUr;  flilol*.  367 

ScuTT,  O.,  on  tlie  utiuu  at  calomel  upon 
ttw  McccUdd  or  bilr.  B71 

Seontonr  «nd  trupliic  acrre-ftbrai  con- 
trMkd,  13 

Scroti*  nnd  mueotu  MltTM;  glknda,  con* 
UMUd,  LI 

SintBKisinviH,  C.  J.,  (xi  tlu  growth  of 
Eniaro-orKkRiMn*  in  caltnr*  madia  con- 
Uininff  bile,  SAO;  on  iht  pumga  of 
baoieri*  imo  (ba  bile,  876 

SuaisB.  Mis  Ci  {m<  Nvocki  ud),  on  tsla- 
tJOB  or  bilinibin  to  bmnatiia.  Ml)  (inv 
MufftdyMi,  NeiMki  tod  8i(l»«r) 

StKtiER  and  SatoKBKKKa.  on  methyl-mer- 
oapiau,  HH) 

StF^nuBD,  Mu,  obuin*  ainido-T«lerluito 
acid  m%  it  prodoet  of  tbe  docompatilioQ 
of  'retioami'  ((oot-notc),  211;  obtnitt* 
k  muJl  iiUHiitiij  of  Kluuaiic  acid  from 
tb*  KkiUB,  262;  on  Ij'uix  and  lyiwtinine 
M  pmdiicts  of  the  dMoinpoaiiiftfi  of 
Donitliitin.  iili]l«n-llbriD.  lieiui protein. 
Maly's  (fijprolo-*iilphoDlc  kcid  uideRg- 
klbumiu.  itii,  2fifr;  ditcoverj^  ol  reltcu- 
Ito.  iOi 

•Sinwlrin.'178 

S'r^aviKr'b  method  Of  detenuining  HCJ  in 
tliu  tiatlrU  contaiut.  MO 

8ltiit4il.  434  :  inifthuilii  of  prvpantiun  of. 
424;  KltrayitaccampBniexinduil}').  42.1; 
phynioAl  Mid  clirmioul  ohanictcn  of, 
49i  i  ckftractcniitio  T«w;ti«iia  of.  iM ; 
Ut»  and  IrMuforniatioii  of,  in  econouir. 
4ai 

Sknlol-rarbnnic  acid,  491! ;  inode  of  pr«- 
pMrntioti  or,  420 :  properliee  and  re. 
KctioD«  of.  437 :  oooorrence  in  ihu 
uriiief?),  43d 

Soccuorr,  rilccM  on  thecompoHttoti  of  th« 
bil«,  uf  iiitrvJuoitiK  Bodiuot  ulykocbo' 
1bi«  into  th«  itomMh  and  blood  of  doga, 
Sn ;  eontTadleti»ii  of  hia  rcimlta  hy 
Prtvoat  and  Binet,  281 

'Solkm'h  Reaoliun'  fur aulphooyanio  acid 
in  calivB,  19 

tjolidimcula,  diKcrtian  in,  47fi 

SoiEirifcntwHKi,  on  Isnoiuvaiid  tyrosiu*  in 
phofphorni  poiioning,  S84 


Spjiuanxuit,  hia  lsTMii|Mieaa  on 
Itoo,  6».  474,  47S 

Si-iHo.  on  the  ralaUoD  betmen  Uw  1 
and  anlpbur  of  tbe  food  and  the  nitio-  ' 
Kca  and  kolpbur  exor«t«d  in  llie  tula, 
S4S 

Stadkuumm,  K.,  hi*  reiwaicfaca  on 
ttfolftie  onxjTuo*  in  notinal  arina  qa 
Itl ;    [ormation    of    aimuonia    in 
pancrmtic  diiCMtimi  of  Bbrin,  ZAO : 
tTTplophan,  368 ;    offeeU  of  io) 
XaCI  mlo  tha  blood  on  iho  eolouc 
tht  bile  H«nted,  383i  on  Uw 
in  the  rsemiMi  of  bilinbin  in  tba  i 
whi>n  bilinibin  ia  inuodnead  tnle 
blood,  aa  well    as    whto    aolatioii 
heraaglobin  ii  ln]«ct«d.  BM ;  naeaivfal 
ut  lui  loluytendiainiD  and  ita  actioo 
tic  bodv,  Mi ;  pieaaaoa  of  bEl«  aowk  i 
urine  in  aaa«n  ol  poiaoning  with  ict«o< 
C«nie  diufin,  885 

9Tj(£KtJ:n,  U.,  tyroaino  from  bom.  9tS ; 
Taaoarchna  of.  on  Ihn  coluonu^  matt 
of  tba  bilr.  SIR  :  hia  analviia  of  bill 
nabin,  S14 ;  on  the  converelou  of 
latMr  into  bilirordia,  tH :  fint  ofa 
formattoa  of,  and  vndenvoatad  t«  mtf^  ' 
rat*  biiioTaiun,  32*;  on  biUftuein  and 
bilipiaain  in  ^ll-atonM.  389 

Starch,  action    of   diastatia    oiuynM 
■alJva  on.  36  et  weq. :  dwaSM  wbfob  : 
undrT);ot!*  ill  tba  tComaota,  16fi ;  action 
of  diliilc  acids  upon.  158 

Sri^o.  dud  <4,  23;  inKitJon  ol  «anaiUM< 
luto.  -a 

'Sureohilm,'  4-18 

■  SUjroorin.'  4M 

Sicks.  H.,  eip^rimonU  of,  tdiawing  Ibat 
«him  bU  the  blood-MWtto  of  %ha  Uraty 
as  wdl  aa  the  bile  ducta  •» 
no  bile  colouring  BoUtr  Mooan 
in  timim,  866 

H7ZVSM,  the  rwwbw   of,  on   ffutrio^ 
digMiioo,  GU 

Sn)K\-is.  r«iearGhe«  of,  on  Ibe  bile  eolonr- 
loK  luattvri.  SiS 

SloniBcb.  otnioture  of,  80;  glanda  of  tlia 
fundus  t)f .  CS ;  the  glanda  of  the  pjloTti^ 
(13 1  tbe  pyloric  glanda  aad  tho  p^loriaj 
jniec,   100;   the  glanda  af  tho  fondus,J 
Ux*  ccllii  vhidi  ppodnoo  papain  and  thai 
ofllK    whiel)    produce   acid,    105 :    tba ' 
Raatric  i^aodt  dtuing  ftutioB  and  dJseo- 
lion.  100  i  diD  nroeen  of  diicealloii  In 
tbelivinii,  ISl;  duntioo  of  tho  digeatiT* 
[iroovi"  in,  ICO  ;  non-difiaation  of,  iy  It^j 
joioe,    I'M;    earTiral  of  '"'wW  aff 
remoral   ol.   168:   the  apoimanti 
Czeruf  and  hia  pupUa.  IGS ;  tho  ^^ori- ' 
meiita  ofUi^ta,  164;  amjloiddogaon- 
tiunuf,  177 1  eutoaat,  177;  ebaagoe  in 
thn   HC't.  the  pepain  and  tbe  rcopat- 
cncfiDc  of  the  gaatnc  juioe  is,  177 ; 
chrocio  atrophy  of,  177 


IKDBX. 
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Stomuh-puMp,  fti^K^  mod  dMoibtd,  lU 
STftMtxB,  Ai>.,  tbs  IntHtiguiooi  of.  on 
ttia  ooDBiltmnu  at  the  hie  of  tha  oi 
and  etber  *atBi«l«.  398.  tfM ;  {itt  aim 
OnnJtoah  and  Strtcker)  on  hjooboUc 
add    flvoKlj^o'!^!'^    aail),    309 1    on 
tannaliolk  a«U.  800;  re(neii««  to  liia 
aiulj'M*  of  eboUUd  aoid,  30a 
fiaeptotoMoa  «oli  i;M«Ui«,  iSt 
Btnp'^*"'!"*'''  liqucfwiraa  ilai.  iST 
Snbnuiiillsr;  giuid,  t4  SaJirA  and  Htlinir 

Qlaadii 
'.SMrriu  r'l&rjciu,'  cr^  tnlOTliiiBl  Juioa 
BnJphooyaoic  acid  in  valiva,  IS;  quaati- 

tatiTO  MlinuUtoB  or,  G$ 
8TLTIU0,  F.  Di  LK  Bob,  oiw  ef  Um  isprt- 
iwnuiitM  of  iba  iatro-^w«Bteal  achool, 

«e 

Sntun  for  waahlns  on*   Iha   uoniMb, 

apind  and  deeoribad,  L6ft 
SwiKTSjf,  v«j>,  GDinawaUriM  of,  qiwttd, 

«oiM«roiiu  lb*  DBtor*  o(  jaandiov,  SAO 
8eAB6,  trlUiiMB  M  Lftbonlra  nperiineBU 

on  tbt  aeidi  of  ^uOrle  )iiU« ;  tali  nodi> 

ficatkm  of  B«ath'*  naeuon,  W 

TuruxKx,  H..  pMMiMf  of  aniall  qnuk- 
tiltM  of  undMorapoMd  bU*-Mida  ia  tlw 
I  vmpk  of  tlu  tbocaeio  doM,  S88,  SOO ; 
dataeltoo  of  nban.vt-acitUe  aod  pbanjri- 
pnpJOBie  Boai  in  Uu  roimn  it  tUo  oi. 
4111 ;  on  th«  powar  of  abMMrplioa  poa- 
MMwl  bjr  ihe  ■bNn»di.  Wi:  on  il)« 
ptoAiMta  of  the  baMerial  dceowMdlloa 
vroeUulaM.M7.4MI 

TiJtcaAXon',  Job.  FOmt,  oa  tba  astMUoB 
bjr  iha  Hnr  of  bUinibiii  introdOMd  Inio 

uw  Mood,  am,  WU 

Tutu  of  Um  Math.  M;  analyaM  of,  til 
TtuMBorr,  on  Uw  illfllmii  of  ({datin 

and  oa  gelatin -{wplona,  145 
Taarine,  811 ;  ooooncoM  «»d  nwtbod  of 

[iI*lM>i«ttM,    811;    ajrathMli    ot,    813; 

|ihy*it«l  Diul  chiguical    |imp«rti«a   of, 

Sia-.  uUnli&eatkin  i>r.  313 
-TaonMboUo  add,  SOOc  modM  of  aapara' 

tion,  MO;  phjiioal  and  tUmnlol  pro* 

VK^m,  Ml  i  prodncta  of  dooompoMUOD. 

Hli  t«M«Dl&n of. a03 
TMM-BAtkyWndlai&ia  o>  polw«oin,  4tt 
TvBituu>,  reaeanhM  of,  on  iha  Ula  of  ths 

OI.  W3 :  OD  Um  Ula  toloariBt  matlna, . 

S14 
Tttm'a  iulaalinal  flsUla.  IM ;  on  wtetn- 

Uun  ol  tnloalinal  lukc,  4Mi  maioa  at 

intMtwal  jnioo  on  prolaida,  4U-,   on 

alai«b,4ia 
TuBBWawt.  hli  aaa)j«li  ofbilirubm,  HIB; 

M*  atodj  of  tha  aeUoa  of  bromina  on 

bUtnibin.  aai 
Tibubkixb  aad  Ovbuv,  diaootand  miI- 

fliMjnnia  Mid  iiimU*^  18;  thdi  cUa* 

•i«al  raMorabaa  «■   ilawtioa.   TO;   on 

Uw  acid  of  llw  saatrte  JoLm,  Ul ;  dia- 


oorarad  tha  roaa-tad  ooleur  iriiidi  paa- 
er«atio  jniM  a«ra»aa  wfan  trnatitfl  vlib 
ohlorino-vatcr,  *J68:  maUiod  of  obuu- 
Idk  intaaUnal  joloa.  4M:  obicrratlOQa 
oil  iba  ftnalioa  of  tbe  '  crop '  in  birdi, 
474 1  OB  dlseattfta  in  ihe  lioni«,  47B 

TMJUBita,  OS  llw  ralBtorj  pow«r  of  aojg- 
tiona  of  glaiwaa,  48 

TuBUN,  oo  lauoliie  In  Ihe  Uitiele,  S28 

Tkbvuusub.  Ilia  Hatanty  of  tha  rod  oobmr 
produoad  bj  tb«  addiiion  of  F«,OI,  lo 
•aliva,  18 

TriVomobilifBUii,  nU  833 

TrUblofaeetM  actd  aa  a  pnoipilaat  cf 
albaminotu  bodiaa  in  ganenu,  and  ol 

.  albnmoiwL  239 

Tropaolin.  >•  n  tMmvit  tor  the  ftaa  aoidi 
of  tlie  Kaatric  jaJoe,  M,  496 

Tropbio  aarvs  dbna.  contnated  wtifa 
McrtMr;,  18 

Taoacmu,  obaarraiiona  on  Uw  aotd  ••• 
cralion  of  IMium  galea,  IM 

TtTpsiii,  tha  prouolyila  nayme  ct  iho 
pkoenaa,  31U  {ut  PanBraatio  lolov, 
aocyawa  of) ;  onoamatloo  of  prodnda 
of,  on  albominooe  bodiea,  Ulf ;  laUe 
of,  SU ;  tlw  amido-aoid*  nanUias  fton 
lb«  action  ot,oa  Um  alb<iiniao«a  bodiaat 
SSI :  ih*  baaoa  iMolting  from  tbo  Mina 
■etioo.  254 

Ttyplunn.  a  iTiwnjia  bw  antipaMotw, 
141 :  dofa  not  rectraio  Um  eoajialalioa 
of  Uie  bkwd,  140 

Trrptophaa,  WS;  Uia  ofaasnraiiona  of 
Iwdaiatuia  and  tinMUn  and  of  Cbada 
Oaraafd  upon,  988;  XUhna'a  nimrAu^ 
284 :  Ntomainter's  diwonajr  Uul  It  U 
naoaU^  prodaoad  dorin|  Uw  deeotn- 
poallton  df  onrtaldB,  864;  lu  obaraieal 
and  pbyriou  prapRlica,  808 

TacntBCB,  A.,  nla  irork  oa  aoppei  En  iia 
rvlatiMia  t«  public  health,  tc  rabnvd 
to.  ITS 

TvoKRB,  qoastlly  aad  oompMitloa  of 
nlira  aaentad  during  MaatioaUoo,  17 

TlTphoU  rmror,  abnti  in,  iM ;  bacillne  of, 
4Ai 

■  l^photmdn.' 4M 

^mina  (pann]rphoojrl-a-aaiidoiiro]ito8lo 
aeid),  84i ;  .xaBiraaoa  of ,  in  th*  orifaa- 
inn,  S44 ;  modaa  of  prvMuMlan,  lU  : 
ywU  of,  ttva  variaa*  alfatnninona  utiL 
albnmiiioMl  bodua,  S4S ;  jlald  of.  ty 
dlcaallua  of  Bbrin  villi  Uffaia.  848; 
eDOatitatioa  oi;  M7 1  prodnola  of  puln- 
tacliv«  daoompoMltmt  of.  818,  4M| 
pbjvka]  and  obamisal  proMiiOB  at, 
VIH;  aoapoonda  of.  -JIU;  HoAnann'a 
NooUati.  860i  I'lna't  rBa^Hlon,  8Wt 
tjclwivr'a  raaction.  SM 

UsauiBXBi,  *.,  oa  raaictioDi  wiUi  furfural, 

888 
DiBBUuxti,  hU  reaetleo  for  laetla  a«id. 
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99 :  digeilion  of  gelfttin,  115 ;  ubaerra- 
tionH  of,  on  the    mittlil^-aaiUD  violel 
rawtion,  n 
I'lobilin,  biiiu;  (?).  S37 

Tu.Kinu:.  Profouor,  hin  DijwTiiDont*  on 
Ut»  diMUtU  MtLun  ol  tho  pancrMtio 
juice  nforrsd  to,  SOS 

TujtKTtxKti,  diaoovar)'  by,  of  ibc  wln- 

bilitv  of  bilimbin  in  olilorofona  ».oi  its 

or^atAlliMbilitr,  31S 
XtxiAiK  (Lfld  MiiiTTit,   on   dorivstivBii  of 

the  ootpiirinK  inattei  ot  the  Me  iu  tlie 

facn,  46» 
V,  Dzn  Vblqbm,  on  chp  Bcid  of  thv  itutttio 

juioe  io  &  Cftw  of  I.vplioid  lewt,  172 ;  iji 

ouioei  of  tli«  atumaoh.  177 
VtLU't  double  intMtin&l    flstnlk,    iOG; 

obMrrfttloD  of.  ou  intcstinai  Bcoretlon, 

4aB 
VKKtntB,  ngsultaofiLnalyiteB  by.  of  tleuial 

lortftr,  M 
VuKOHiiT,  C<ln^  ltiBD|iplicHtiuui>f  npcolro- 

photvinctry  to  the  ottimntion  «f  nulphQ- 

CTanio  acid  m  «Aliva.  56;  bi>  RpMtbo- 

Jhntomatrie  <tuilt**  of  bydrobilimbiii. 
21;  cf«ll»!r>teliJl.  S30 

Vibrio  MeUclinikoflli,  42:< 

ViBCROW,  Bop.,  dincovcry  of  IvuciaoiiBd 
tynMino  >iBoa-|)ittboloi{ic^coDi)EiluoiiU 
of  th«  dMd  }>«Dcriia,i,  iaS :  in  tho  liv«r 
(foot-not*].  838;  dtHovery  of  barak- 
loidiD  tuid  of  itd  iGoembUnM  to  biU> 
rubio.  S4» 

Voi-T.  Cam.,  on  tba  imuerteot  ^biurption 
of  tut  by  dugH  witli  biiianr  flxtulit,  3AA 

VoHicit,  cxcrttion  of  bilirubin  introdiiood 
into  Ibfl  blood  by  lh«  bil«,  3U0,  344 ; 
on  hnmoHlabjnocbolia.  a>  ^  result  ot 
inJMtion  of  watar  into  the  blood,  867 

Vo[J>iAii,  sffooU  of  piLncarpin  on  matvlion 
of  snbnuurillHiy  RUnd,  tift«ir  di-riKion 
of  cbord*  snii  iijm])Btlictic  ncr?«s.  S'i  ; 
on  mode  of  wstiou  of  puruativoe,  idi 

W*«tivTiuii,  M.,  on  proo«M<et  of  fermdntA- 
lion  in  Ibc  fttoinach.  ISih 

Viii^iixsn.  niAthod  of.  for  piuparin^: 
jwiiHiii.  So 

Wkbuiui,  *ual>!ic«  of  fiKwH  by,  460 

\Tciniia,  tiutritivi:  vUuv  of  oollulow,  481 

Vxsz,  J.,  dimjovcry  by,  ot  ibe  different 
behaviour  of  ulbunioaei  and  p^plonci 
whon  troAted  with  lunmonturo  lulphAto, 
134.  184  ;  on  tbu  dii^vitivi'  propottiM  of 
int4v>tiii>l  jiiion.  *li 

WniTnen.  on  the  riotntion  of  Mil*  in  (ho 
MiUiii  Mid  oa  tlM  oonpVAlive  comiioai' 
tion  gf  aalin  soorstcd  by  tha  princiv*! 
iiali«-&t7RUnds,  81 

WrsTHKHiitii.  M.  E,,  on  ihv  eicretion  by 
the  bilo  ofoholo-htematin,  injooted  into 
Ibe  blood,  'J8'i :    on   the   McretioD  of 


falle  kfler  oocli»ion  of  th«  bniHiiJc 
aiutjt,  3M  j  on  tfao  excratioa  of  phyllo- 
oyMiia  Mid  Inr  the  bilv,  375 

WcBTBiiuxB,  Bl.  E..  and  E.  Mkvkk,  on 
the  appowuMe  of  oxytuemoglobin  in 
the  bile,  183,  Sil7 

WIUITPILU.CX,  QUO  of  biltaiy  ftalnU  in 
ni«n,  273 

Wkti,  Ta. ,  hi«  '  Lebrboeb '  tivotaS,  <2I ; 
on  tlip  piodactionof  pbraoladnrint;  tbo 
pnti«fncti>>n  of  iiIbiutiin0U4  sub«tRnoM, 
483 ;  prndnol*  of  patrefution  of  tyto- 
■ino,  13S 

WiLLW,  Thoiub,  the  amtoioist,  a  up- 
porter  of  the  isiro-obeonlcal  aohool.  68 

WmauNO,  an  aoaioiuiiit  of  ilie  17th 
Motury,  fint  deaaribtd  tbe  p«aorc«lic 
dn«t,  189 ;  duot  of,  or  pftncr«ati«  daot, 
IHB 

Wittb'b  ■  Fepiimnm  tieeum,'  a  miituie  of 
albumoMB.  129 

V,  WiTTicM.  tiirtbud  of,  fo(  pn'piu'inij 
voluiiunn  of  pepsin  in  glycerim;.  87; 
non-diffuKibility  of  pepsin,  ^ ;  peptic 
aotiun  of  tlio  pjlorie  glandji,  101  ; 
Riflthod  of  ««p&mttDS  pancTHtie  dUb- 
■tutJc  eD2yin«>,  S09;  obh  of  bjliarjr 
fiRtols  in  tbe  hnmBa  (obicct,  S73  :  on 
iovrsunal  juico.  413  f^^ 

WoLrr'a  ouloriueter,  Stl 

JbAXTniHE,  found  in  pBBorau  ot  ez,  by 
Scherer,    S$l ;    dtenmrds    found,  to- 

Sdhur  i*tt1i  hypoxantUne.  by  Cblttea- 
M1.  21)1 
XisiTttiKE  bKWM,  not  piodnct*  ot  tbo  dc- 
compoaitioci  of  iUbumino«<  bodies  by 
Uypfia,  86S 

Yko,  Oxiudj*.  and  K.  F.  Hkrcmtk.  obwDrra- 

done  on  a  ckm  of  biliarr  Hutu  la  in  man. 

878,  34fi,  S4B 
ToniEG.  P.  A..  obsorTBtloaa  on  the  Iron  in 

tbo  bile.  S43 
YoDMo.B.  A.,oatlnalMiBiMiiMmpaailioB 

of  reticular  litMM,  401 

Zalbbkt,  obaervstloBR  of,  on  orsBale  Mm- 
pouudB  of  iron  piMuut  in  the  linr.HS. 
350 

Zou.iKoriiiH,  on  Icooine  from  alaMin, 
.    237 ;  •olubiliiy  of.  9W 

Zvurt,  on  the  pioduota  of  the  potMCantlva 

firoMUBM  of  tha  iarfft  inlwtia*,  CS6 
toot-nolo) 
Z<NKtFia..  nwaicfaas  of,  oo  ths  diflMtifa 
apparatus  ol  Hn  foMn.  knd  OQ  iho 
coinpodtioa  of  tba  wucmttoH,  851,  Wl 
Z^tuuijEeas,  1:  ptpnaosw,  lOL  U0; 
r«Dti«t  aymoceo,  148.  18ft;  Ea  1b«n  a 
lymopon  of  the  diuiaiu  nuja*  ot  du 
panorMB  7  9M  i  tin>dit-«jniMC<ii.  tU 


ctMnHiuaK :  fkintid  bi  c.  j.  claj,  x^  akd  som.  «t  tbb  nnvmsnr  nu«i>. 


